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INTRODUCTION 

Death from lobar pneumonia, bronchopneumonia and 
measles, fatal with few exceptions in consequence of com- 
plicating pneumonia, constituted in 1916 approximately one- 
sixth (16.8 per cent) of the mortality in the army,^ whereas 
in 1917 the same diseases were responsible for nearly two- 
thirds (61.7 per cent) of all deaths. During the first half 
of 1918 the incidence of pneumonia steadily increased and 
in some army camps there were extensive outbreaks of un- 
usually severe pneumonia. 

In July, 1918, the Surgeon General assigned a group of 
medical officers to the study of the pneumonias prevalent 
in the army and stationed them at Camp Funston, Kansas. 
At the base hospital of this camp all cases of pneumonia oc- 
curring among troops assembled in the camp were studied, 
but during the month of August there were few cases of 
pneumonia and these were of mild type. 

Pneumonia which occurred at Camp Funston during Au- 
gust was almost wholly limited to recently recruited colored 
troops from southern states (Louisiana, Mississippi). 
There was a low rate of mortality, and few complications. 
This pneumonia exhibited a noteworthy difference in etiol- 
ogy from that usually seen in civil life, for it was associated 
with a high incidence of those types of pneumococci which 
occur in the mouths of healthy men, namely, Pneumococcus 
atypical 11,^ Type III, and the group of microorganisms 
represented by Type IV. Pneumococcus Type I was en- 
countered in only a few instances and Type II was not found, 
although these two microorganisms are responsible for 
two-thirds of the lobar pneumonia which occurs in civil 
life. 



^Report of the Surgeon General, U. S. Army to the Secretary of War, 1918, p. 44. 
*Stillman, F. G. : A Study of Atypical Type II Pneumococci, Jour. Exper. Med., 1919, 



xxix, 251. 



11 



51147 



1 2 INTRODUCTION 

During the investigation at Camp Funston the Commis- 
sion had the courteous cooperation of Major Willard Stone, 
Director of Medical Service, and received much valuable 
assistance from Lieutenant A. McGloiy, Registrar of the 
Base Hospital. 

A review of the accurately compiled records of the base 
hospital was made in order to obtain a history of the pneu- 
monias and other respiratory diseases which had occurred 
throughout the existence of the camp, established in Sep- 
tember, 1917. It soon became evident that a disease recog- 
nized as influenza had been prevalent throughout this pe- 
riod and its incidence had shown a close parallel with that 
of acute bronchitis. At the same time there had been much 
pneumonia and a high death rate from this disease. The 
chart^ which was constructed showed that the disease which 
had been designated influenza assumed epidemic propor- 
tions in March, 1918. Any doubt that may have been en- 
tertained concerning the nature of the disease is dispelled 
by the characters of this epidemic which, beginning at the 
end of February, reached its height on March 12 and rap- 
idly subsided; 1,127 men with influenza entered the base 
hospital between March 4 and March 29 and many more 
were treated in the infirmaries of the camp. In April there 
was a second wave of influenza and in May a third, each in 
large part limited to newly drafted men brought into the 
camp shortly before these outbreaks. Corresponding to 
the epidemic of influenza there was a great increase of 
pneumonia, reaching a maximum about one week after the 
height of the incidence of influenza; subsequently the 
incidence of pneumonia increased after each one of the sec- 
ondary waves of influenza. Pneumonia following measles 
occurred throughout the history of the camp ; in November 
and December, 1917, there was a severe outbreak of pneu- 
monia following measles and the mortality was high. Our 

■Opic, E. L., Freeman. A. W., Blake. F. G., Small, J. C Rivers, T. M.: Pneumonia 
at Camp Funston, Jour. Am. Med. Assn., 1919. Ixxii, 108. 
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conclusions in regard to the pneumonias which occurred 
during the history of Camp Funston were as follows : 

1. Pneumonia of a relatively stationary camp popula- 
tion, such as that which occurred among white troops dur- 
ing the period of our investigation, was in considerable 
part caused by Pneumococcus Types I and II and resembled 
the pneumonia of civil life. 

2. Pneumonia of newly drafted colored troops from 
southern states during the period of our investigation was 
caused in great part by pneumococci of those types which 
occur in the mouths of healthy men, namely, Types IV, III 
and atypical II. 

3. Pneumonia caused by influenza occurred after the epi- 
demic of influenza which we have described. The report 
states : * * With the information available it is not possible to 
draw a sharp line between (1) the pneumonia of the stable 
camp population, (2) the pneumonia of the newly drafted 
southern troops, and (3) the pneumonia following influ- 
enza. It is possible that influenza, in greater or less degree, 
also acts as a predisposing factor in the production of the 
first and second varieties." 

4. Pneumonia with measles was a frequent and unusu- 
ally fatal type of the disease. The most important causes 
of pneumonia during the history of the camp were influ- 
enza and measles. 

Evidence is not lacking that influenza occurred in epi- 
demic form in other widely separated camps in the United 
States during the spring of 1918. Vaughan and Palmer* 
state that a disease strongly resembling influenza became 
prevalent in the Oglethorpe camps about March 18, 1918, 
and continued three weeks; during this time the number 
sent to hospital or to quarters with this disease was 1,468 
in a total strength of 28,586. Pneumonia does not appear 
to have followed this epidemic. 

* Vaughan, V. C, and Palmer, G. T.: Communicable Diseases in the National Guard 
and National Army of the United States, Jour. Lab. and Clin. Med., 1918, iii, 
635. 
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Miller and Lusk^ found the ordinary type of pneu- 
monia prevalent at Camp Dodge, Iowa, until March 18 
to 20, 1918, when abruptly the streptococcus type predomi- 
nated and there was a great increase in the rate of mortal- 
ity. A mild tracheitis, they state, was widespread in the 
camp during March. 

In March, 1918, one member of our commission saw an 
outbreak of influenza at Fort Sam Houston which w^as iden- 
tical in its clinical characters with the disease which ap- 
peared as a pandemic in the fall of 1918. 

The report of the Surgeon General® for 1919 shows that 
there w^as a sharp increase of the incidence of influenza in 
the army during March, reaching a maximum in April. 
The rate of influenza for 1,000 troops fell to its original 
level through May and June and finally rose to a great 
height in September and October. 

Influenza in epidemic form made its appearance in the 
army camps of the United States during March, 1918. The 
symptomatology of the disease associated with its peculiar 
epidemiology as seen at Camp Funston make its recogni- 
tion unquestionable. The disease had doubtless been pres- 
ent in this camp since its establishment in September, 1917, 
but did not assume epidemic proportions until the spring 
of 1919. 

Pneumonia followed the epidemics of influenza which oc- 
curred in the spring of 1918 and exhibited characters sim- 
ilar to those of the pneumonias w^hich followed the pan- 
demic of September and October, 1918. In both instances 
the height of the outbreak of pneumonia has been one week 
after the maximum incidence of influenza. 

Influenza became epidemic in Spain about the middle of 
May and in other countries received the name ** Spanish 
influenza" which is not more applicable than the designa- 
tion ** Russian influenza" often applied to the disease dur- 
ing the pandemic of 1889-90. 

•Miller, J. L., and Lusk, F. B.: Jour. Am. Med. Assn., 1918, Ixxi, 702. 
oRcport of the Surgeon General to the Secretary of War, 1919, i, 637. 
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The studies of MacNeaP have shown that the first epi- 
demic of influenza in the American Expeditionary Force in 
France occurred about April 15, 1918, at a rest camp near 
Bordeaux, reached its height on April 22 and ceased May 
5. The disease was of a mild character with few complica- 
tions. Localized epidemics were reported from various 
camps and hospitals during May and June, when the dis- 
ease, MacNeal states, had become widespread in all sections 
of the American Expeditionary Force in France and in the 
French and British armies as well. Influenza had become 
epidemic in the Italian navy in the first two weeks of May. 
The belief that the disease was introduced from America, 
the author thinks, is ** probably completely disproved by 
the fact that the epidemic was subsequently introduced in- 
to America in August and September and found there a 
most fertile soil for its spread.'' This view is disproved 
by the demonstration that influenza had appeared as scat- 
tered epidemics in the army camps in March, 1918. There 
is little reason to doubt that influenza in the American Ex- 
peditionary Force was brought from America. 

At the end of August our commission was transferred 
from Camp Funston to Camp Pike, where throughout the 
history of the encampment pneumonia had been so prev- 
alent that it had given the camp the rank of third in death 
rate from lobar pneumonia and fourth in death rate from 
bronchopneumonia among 32 camps established in this 
country. We arrived at Camp Pike September 5 and were 
stationed at the base hospital. Our work was facilitated 
by the hearty cooperation of the commanding officer. Major 
Morton R. Gibbons, who neglected no opportunity to pro- 
mote the investigation. Our work was cordially aided by 
Major Carl R. Comstock, Director of the Medical Service, 
and by Major Henry H. Lissner, wiio later occupied this po- 
sition. Work in the laboratory of the hospital received the 
valuable cooperation of Major Allen J. Smith, Director of 

'MacNcal, W. J.: The Influenza Epidemic of 1918 in the American Expeditionary 
Forces in France and England, Arch. Int. Med., 1919, xxiii, 657. 
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the Laboratory, who placed at our disposal every facility 
available. Lieutenant James R. Davis, who was for a time 
in charge of the laboratory, effectively assisted the work. 

The commission consisted of the following officers: E. 
L. Opie, Colonel, M. R. C; Allen W. Freeman, Major, M. C; 
Francis G. Blake, Major, M. R. C, James C. Small, Lieu- 
tenant, M. C. and Thomas M. Rivers, Lieutenant, M. C. 
Major Freeman acted as epidemiologist and will publish 
a report upon the epidemiology of influenza and pneumonia 
at Camp Pike. On October 11 the laboratory car ** Lister '^ 
in charge of Lieutenant Warren H. Butz was assigned to 
the commission. Lieutenant Harry D. Bailey was attached 
to the commission on October 14 and later assisted in its 
work. Valuable technical assistance was given by Ser- 
geant Charles Behre, by AVm. E. Hoy, detailed from the 
Army Medical Museum, and by Thomas Payne. 

Study of the pathology of the lesions concerned was com- 
pleted in the Pathological Laboratory of Washington Uni- 
versity School of Medicine. 

The existence of an epidemic of influenza at Camp Pike 
was recognized on September 23, when 214 cases of influ- 
enza were admitted to the base hospital. Preceding this 
date and beginning September 1 there had been a gradual 
increase of the number of patients admitted with the diag- 
nosis of acute bronchitis. It is noteworthy that the dem- 
onstration of B. influenzae had been regarded as essential 
for a diagnosis of influenza and since this microorganism 
had not been found, instances of acute inflammation of the 
respiratory passages with the symptoms of influenza were 
classified under a variety of names. 

After September 23 influenza was recognized by its 
symptoms. The number of cases increased with great rapid- 
ity and on September 27 reached over 1,000 per day; this 
number was approximately maintained during one week 
and after October 3 the epidemic gradually subsided. 
Among 52,551 men in the camp, including those who ar- 
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ft xived during October, 12,393 were attacked by influenza ; of 
^ these 1,499 suffered with pneumonia and 466 died. The 
^ height of the outbreak of pneumonia followed approxi- 
mately one week after that of influenza. The statistics from 
September 20 to October 14 collected by Major Freeman 
ahow that pneumonia following influenza, like the pneu- 
monia at Camp Funston during the interepidemic period, 
has a conspicuous tendency to select men who have been in 
the camp less than one month, designated in Table I as new 
recruits : 

Table I 





POPULA- 
TION 


INFLUENZA 


PNEUMONIA 




No. 


Per cent 


No. 


Per cent 


Men in camp more than 

one month 
New recruits 


27,782 
23,769 


4,462 
7,263 


15.6 
30.6 


493 
1006 


1.7 
4.2 


Total 


51,551 


11,725 


22.7 


1499 


2.9 



New recruits were nearly two and a half times as sus- 
ceptible to pneumonia as men who had been in camp more 
than one month. This statement does not take into con- 
sideration differences in the environment and mode of liv- 
ing of the new men. 

In view of the existing uncertainty concerning the bacte- 
riology of influenza and its associated pneumonias, the com- 
mission has availed itself of the opportunity afforded by 
the epidemic of influenza to determine what bacteria were 
present in the nasopharynx and sputum in these diseases. 
The examinations have been necessarily limited to a small 
proportion of the immense number of patients admitted to 
the hospital with influenza and pneumonia. Autopsies on 
those who have died with pneumonia have offered a more 
direct means of determining the relation of bacteria to in- 
flammation of the bronchi and lungs. An attempt has been 
made to classify the pneumonias following influenza and to 
determine their relation to the complex bacterial flora of 
the injured respiratory passages. These studies have 
shown very early the threatening prevalence of strepto- 
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COCCUS pneumonia, and appropriate measures have been 
taken to combat the spread of this infection. No better il- 
lustration could be furnished to demonstrate the value of 
routine performance of autopsies as a means for the recog- 
nition of obscure epidemic disease. 

In view of the wide difference of opinion concerning the 
pathology of influenzal pneumonia special study has been 
given to the lesions of the disease, because the epidemic has 
furnished the unique opportunity of examining all in- 
stances of pneumonia accurately referable to an epidemic 
of influenza attacking a large but definitely defined group 
of individuals (50,000 troops). In a civil hospital there is 
often great difficulty in deciding, even in the presence of an 
epidemic, if death from pneumonia is the result of influ- 
enza, but at Camp Pike the relatipn of the heightened death 
rate to the epidemic has excluded all save a trivial eiTor in 
determining the relation of fatal pneumonia to influenza. 

At the direction of Col. F. F. Russell, who has promoted 
the work of the commission by unfailing aid, a special 
study has been made of the relation of hemolytic strepto- 
coccus to the complications of measles. 

During the later period of the investigation at Camp Pike 
experiments were performed on monkeys to determine the 
pathogenicity of B. influenzae and of microorganism isolated 
from the pneumonias following influenza. Typical lobar 
pneumonia was produced in monkeys by intratracheal in- 
jection of pneumococci. These experiments are described 
in an appendix. 

The Surgeon General has approved the publication of this 
report but the authors alone are responsible for the views 
expressed. 

Eugene L. Opie. 

Washington University 
School of Medicine 
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THE PNEUMONIAS AND OTHER INFECTIONS OF THE 

RESPIRATORY TRACT 
ACCOMPANYING INFLUENZA AND MEASLES 



CHAPTER I 

THE ETIOLOGY OF INFLUENZA 

Francis G. Blake, M.D. ; Thomas M. Rivers, M.D. ; James 

C. Small, M.D. 

The bacteriologic investigation which will be described 
was made at Camp Pike, Arkansas, during the period of 
the influenza epidemic from September 6 to December 5, 
1918. The data presented are limited to observations made 
during life in uncomplicated cases of influenza and to con- 
trol studies in normal individuals, and in cases of measles. 
Bacteriologic studies made at autopsy will be described 
in a subsequent part of this report. 

Because of the wide variations in opinion concerning the 
relationship of various bacteria to influenza that have 
arisen during the progress of the recent pandemic, a brief 
review of the salient features of the earlier literature seems 
advisable. In 1892 Pf eiflfer^ found a small, Gram-negative, 
hemophilic bacillus in all cases of influenza, often in almost 
pure N culture, both during life and at autopsy. He stated 
that the organism was found only in cases of influenza or 
in those convalescent from the disease. Similar bacilli oc- 
casionally found in other conditions he classified as pseudo- 
influenza bacilli. He furthermore showed that freshly iso- 
lated cultures were pathogenic for monkeys, producing a 
disease not unlike influenza, though lacking in what he con- 

"Pfciffer: Ztschr. f. Hyg., 1893, xiii, 357. 
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sidered the characteristic lung lesions. He therefore felt 
justified in claiming that this bacillus, which he designated 
B. influenzae, was the cause of epidemic influenza. Pfeif- 
fer's work, though hailed by many as unassailable, has 
failed to stand the test of time in two respects. It has been 
definitely shown, by WoUstein^ in particular, that there is 
no justification for recognizing a group of pseudoinfluenza 
bacilli, organisms so classified by Pfeiflfer being indistin- 
guishable from B. influenza?. Furthermore, numerous in- 
vestigations have demonstrated that B. influenzae may fre- 
quently be found in a variety of diseases affecting the res- 
piratory tract and in a small proportion of normal individ- 
uals. Kretz* found it 47 times in 950 examinations, usually 
associated with disease of the respiratory tract. Siiss- 
wein,* Liebscher," Jehle,® WoUstein,^ Davis^ and many 
others have demonstrated its presence in cases of measles. 
Lord* isolated B. influenzae in 30 per cent of 186 sputums 
from patients with acute and chronic infection of the res- 
piratory tract. Boggs® found it in frequent association 
with chronic bronchiectasis. AVoUstein?' ^® showed that it 
was often present in the respiratory diseases of infants, 
and was not an infrequent cause of meningitis. Rosenthal*^ 
found that one in six of normal individuals harbors influ- 
enza bacilli and therefore considered it purely a sapro- 
phyte, a position, of course, thoroughly untenable in the 
face of indisputable evidence that it may be highly patho- 
genic. The widely accepted statement that B. influenzae is 
nonpathogenic for animals has apparently served in con- 
siderable degree to shake belief in its etiologic relationship 
to epidemic influenza. It would appear, however, that this 
opinion is not founded upon fact. Reference is again made 

*WolUtcin: Jour. Expcr. Med., 1916, viii. 681. 
•Krctz: Wicn. klin. Wchnschr., 1897, x, 877. 
♦Susswcin: Wicn. klin. Wchnschr., 1901, xiv, 1149. 
•Licbschcr: Prag. med. Wchnschr., 1903, xxviii, 85. 
•Jehic: Ztschr. f. Heilk., 1901, xx, n. s. 2, Int. Med. 
'Lhivis: Jour. Infect. Dis., 1906, iii, 1. 
•Lord: Boston Med. Sur. Jour., 1905, clii, 537, 574. 
*Boggs: Am. Jour. Med. Sc, 1905, cxxx, 902. 
•nVollstcin: Am. Jour. Dis. Child., 1911, i, 42. 
"Rosenthal: Comp. rend. Soc. Biol., 1903, Iv, 1500. 
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to the work of Wollstein^^, who has shown that virulent 
strains of B. influenzae, when freshly isolated from the hu- 
man host, are highly pathogenic for rabbits and monkeys 
and that nearly all strains are more or less pathogenic for 
mice and guinea-pigs. 

None of these modifications of Pfeiffer's original work, 
however, would seem to constitute any valid reason for 
abandoning the conception of the etiologic importance of 
B. influenzae. On the contrary, they are. quite in harmony 
with well-established facts concerning other bacteria which 
cause infections of the respiratory tract. Such bacteria are 
frequently found in normal individuals leading a sapro- 
phytic existence, are often associated with other disease 
conditions, and tend to show marked variations in viru- 
lence. 

Since the outbreak of scattered epidemics of influenza 
beginning in 1915-16, which finally culminated in the pan- 
demic of 1918-19, a vast amount of literature on the subject 
has appeared. No attempt has been made thoroughly to 
analyze this, because much of it is not available, much of 
it abounds in contradictions which it is difficult to harmo- 
nize at the present time, and much of it has been written on 
the basis of insufficient data gathered under the handicap 
of war conditions bv men without sufficient time to under- 
take special investigation, or it is feared, in many instances, 
not sufficiently qualified by previous bacteriologic training. 

The sum and substance of opinion in 1918 would seem to 
be best summarized by quoting from the published report 
compiled by the British Medical Research Commission:" 
** Although Pfeiffer may yet furnish reasons why the ver- 
dict should not be pronounced, there is already sufficient 
material to shake the orthodox conception out of its high 
altar. Two facts stand out prominently : the generally ac- 
knowledged, or by some reluctantly admitted, absence of 
B. influenzae from organs on postmortem examinations, and 

"Wollstcin: Jour. Expcr. Med., 1915, xxii, 445. 

"Med. Sup. October 1, 1918 also Jour. Am. Med. Assn., 1918, Ixxi, 1573. 
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the universally recorded findings of diplostreptococei, sin- 
ply or in association with the Pfeiffer bacillus.'' Coimnent 
on this opinion will be made in the general discussion at 
the end of this paper. 

In undertaking a study of the bacteriologj^ of influenza, 
it seemed essential to bear in mind certain clinical features 
of the disease which will be discussed in greater detail in a 
subsequent paper. It suffices to say for our present pur- 
pose that it is felt that influenza in itself should be regarded 
ail a self-limited disease of short duration (two to five days 
in most instances), the most prominent local manifestation 
of whieli is a rapidly progressing attack upon the mucous 
membranes of the respiratory tract. Among the cases ob- 
5sor\*t^ during the epidemic at Camp Pike uncomplicated 
influenza never proved fatal and death invariably was as- 
siviated witli a complicating pneumonia. In a large ma- 
wit v of cases piieumococci, S. hemolyticus, or less fre- 
ouently other bacteria in addition to B. influenzae were asso- 
nattnl with the jnicumonia. It is felt, therefore, that in 
:^«v attempt to determine the primary cause of influenza 
Wforiologic studies made during life in early uncompli- 
o;ittHl oases of the disease are of primary importance and 
that the bacteriology of the sputum of patients with com- 
»>)io,-UinK pneumonia an<i the bacteriology of autopsies can 
hM^v properly bc^ used as valuable supplements to data so 
,sMalned. 

Siuee eullun^s from the respiratory tract must often of 
^HH-i^ssity contain many bacteria which play no part in the 
iM>vlnetion of influenza, it is essential to have a working 
i^^^ow ledK«* **• *'*<* bacteria that may be encountered by the 
molhods (»mploy(»(l. It is also important that such knowl- 
>\biv «H may have* b(»en gained in interepidomic periods be 
^^^^pIiIUmI l)y study of the bacterial flora present at various 
kvMotls Ihroughout the course* of an epidemic, both in nor- 
\\M\\ individuals and in other disease conditions. These 
hXHMMlM have be(»n borne in mind throughout the present 
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study and such observations have formed an essenital part 
of the work. 

Methods. — In an investigation of this nature the culture 
methods employed should be suitably directed to determine 
primarily what bacteria are present and in what relative 
proportion they exist. The use of culture or animal inoc- 
ulation methods that are highly selective in character, en- 
hancing the growth of certain bacteria and retarding or in- 
hibiting the growth of others, are of great additional value, 
but can only properly be used secondarily in order to aug- 
ment the results obtained by nonselective culture methods. 
As the most suitable medium for the purpose in hand plain 
meat infusion agar, titrating 0.1 + to 0.3 + to phenolphtha- 
lein, to which 5 per cent of sterile defibrinated horse blood 
w^as added, was used. Since growth on freshly poured 
plates is greatly superior to that on plates that have been 
stored, the agar was melted as needed, the blood being 
added when the medium had cooled to approximately 45'' 
C. Cultures from the nose and throat were made by swab- 
bing the mucous membranes with a sterile applicator, 
touching the applicator to a small area on the surface of a 
blood agar plate, and spreading the inoculum over the sur- 
face of the medium with a platinum needle, insuring as 
wide a separation as possible. Direct cultures of selected 
and washed specimens of sputum were made when possi- 
ble. In many instances, of course, it was impossible to get 
sufficiently satisfactory specimens to permit of washing, 
especially when cultures were made very early in the dis- 
ease. To supplement direct culture of the sputum the 
mouse inoculation method as employed for the determina- 
tion of pneumococcus types was used. This is, of course, 
a highly selective method, of particular value in the detec- 
tion of pneumococcus and B. influenzae when they are pres- 
ent in relatively small numbers as compared with other 
bacteria. Plates were examined after twenty to twenty- 
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four hours' incubation and again at the end of thirty-six 
to forty-eight hours when necessary. 

In the present study, attention has been centered upon 
B. influenzae, S. hemolyticus, and the various immunologic 
types of pneumococci, other organisms encountered having 
played no significant part in the cases studied except in rare 
instances. B. influenzae was identified by its morphologic, 
staining and cultural characteristics and conformed to the 
classical description given by Pfeiffer. S. hemolyticus was 
identified by its morphologic, staining, and cultural char- 
acteristics on blood agar, supplemented by a confirmatory 
hemolytic test with washed sheep corpuscles, and bile sol- 
ubility test. Pneumococci were identified by morphologic, 
staining and cultural characteristics, bile solubility test, and 
agglutination with specific antipneumococcus immune sera. 
Note was made in most instances of the presence of other 
organisms, such as members of the Gram-negative diplococ- 
cus, staphylococcus, diphtheroid and streptococcus viridans 
groups, but no attempt was made further to isolate or iden- 
tify them. 

Bacillus Influenzae in Cases of Influenza. — On October 10, 
1918, at the height of the epidemic at Camp Pike, search for 
B. influenzae was made in a group of 23 consecutive cases of 
uncomplicated influenza from one to six days after the on- 
set of the disease. From each individual simultaneous cul- 
tures on blood agar plates were made (a) from the nose, 
(b) from the throat, and (c) from the sputum, and the spu- 
tum from each case was injected into the peritoneal cavity 
of a white mouse. A similar study of 5 consecutive cases 
was made on November 19. The results are presented in 
Table II. 

By means of multiple cultures taken simultaneously from 
different portions of the respiratory tract no difficulty was 
oneouiiterod in demonstrating B. influenzae in all these cases 
of uncomplicated influenza. Not only was B. influenzae 
found in all cases, but often in very large numbers predom- 
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inating over all other bacteria on at least one of the plates 
from each patient, and in occasional instances occurring in 
nearly pure culture. One culture made about two hours 
after onset of the initial coryza is of interest. There was 
at the time a profuse serous nasal discharge. One drop of 
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c indicates that the plate was contaminated. 

this allowed to fall on the surface of a blood agar plate 
gave a practically pure culture of B. influenzsB. 

During the latter part of November and in early Decem- 
ber a small secondary wave of influenza occurred at Camp 
Pike. In a series of 48 consecutive cases, B. influenzae was 
readily found in all by means of combined throat cultures 
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and mouse inoculation of the sputum, 33 times (68.7 per 
cent) in the throat cultures, 39 times (81.3 per cent) in the 
sputum. These cases were cultured on admission to the 
receiving ward of the hospital within twenty-four to forty- 
eight hours after onset and were all early cases of influenza 
without complications at the time the cultures were made. 
In 90 more consecutive cases in this series 62 or 68.9 per 
cent showed B. influenzae in a single throat culture taken 
on admission. 

A summary of all cultures made in cases of uncomplicated 
influenza is presented in Table III. 

Of any single method used the intraperitoneal inocula- 
tion of a white mouse with a specimen of the patient's spu- 



Table III 
Presence op B. Inpluenz-« in Cases or Influenza 
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tum proved the most efficient in demonstrating the presence 
of B. influenzsB. No single method served to demonstrate 
B. influenzae in all cases, but by simultaneous cultures from 
the nose, throat, and deeper air passages no difficulty was 
met in showing that B. influenzae was invariably present, 
usually in abundance somewhere in the respiratory tract 
during the acute stage of the disease. This result is not 
out of harmony with the rapidly progressive character of 
the attack upon the mucous membranes of the respiratory 
tract in influenza. 

Of interest in this connection are certain observations 
which suggest that the presence of B. influenzae in predomi- 
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nant numbers at least is in many cases coincident with the 
acute stage of influenza and that the organisms show a tend- 
ency rapidly to diminish in abundance with tlie progress 
of the disease to recovery. In 82 cases of influenza cultured 
on the day of admission to the hospital, B. influenzae was 
present in 52 (63.4 per cent) of the throat cultures. Re- 
peated throat cultures in this group of cases from the 
fourth to the eighth day after admission when the temper- 
ature had fallen to normal, showed that B. influenzae was 
still present in demonstrable numbers in the throat of only 
25 cases or 30.5 per cent. Not only was there a material 
reduction in the number of patients in whom B. influenzae 
could be demonstrated by the throat culture method, but 
the contrast in the predominance of B. influenzae on the 
plates made early in the disease with those made during 
convalescence was often very striking. It is only fair to 
say, however, that some cases continued to carry B. influ- 
enzae in their throats in large numbers throughout the pe- 
riod of observation. 

Presence of Pneumococcus in Cases of Influenza. — ^It 

seemed of some importance to determine the prevalence of 
pneumococcus in cases of influenza, not because of any pos- 
sibility that pneumococci might bear an etiologic relation- 
ship to the disease, but more by way of comparison with the 
prevalence of B. influenzae, since both organisms are found 
in the mouths of normal individuals and are also frequently 
found together in the pneumonias that complicate influenza. 
Tlie results obtained in cases of influenza earlv in the 
disease before the development of (^ther a purulent bron- 
chitis or of pneumonia are presented. The presence of 
pneumococcus was determined by the intraperitoneal inocu- 
lation of white mice with the saliva or sputum. 

Twenty-four cases examined on September 27 and 28 
gave the results shown in Table IV. These patients had 
been in the hospital from two to five days at the time the 
determinations were made. 
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Table VI 
S. Hemolyticus in Cases op Influenza 



^,_ number of s. hemolyti- «• ^f^Z"!^'' ''^ ^^ ^«^" 

^^^ cases cultured cus pound ^^s ^^ '^^^ '^^ 8- 



POUND HEMOLYTICUS 



Sept. 25-26 100 6 94 6 

Nov. 27— Dec. 5 138 39 99 28.3 



a fairly extensive study of the prevalence of B. influenzsB 
in normal individuals has been made at various times prior 
to and throughout the course of the epidemic. This was 
deemed of special importance, since it was obvious that the 
results obtained by previous workers during interepidemic 
periods would not in all probability coincide with those ob- 
tained in the presence of a widespread epidemic of influ- 
enza where the opportunity for the dissemination of B. in- 
fluenzae was almost unlimited. 

From the results obtained in the multiple cultures in 
cases of influenza it is obvious that only like methods can 
be compared. The results obtained in normal individuals 
have, therefore, been tabulated in groups dependent upon 
the culture method employed. These groups have been 
subdivided according to the time and the place of the study, 
such explanatory notes as seem necessary being added. 
(See Tables VII-IX.) 

The most striking feature of the figures presented in 
Table VII is the wide variation in the incidence of B. influ- 
enzae in different groups varying all the way from 11.1 to 
68 per cent. Analysis of these differences brings out cer- 
tain points of great interest. It is apparent that the per- 
centage of cases carrying B. influenzae depended in large 
part upon the prevalence of respiratory diseases in the 
group from which the data were obtained. In the studies 
made at Camp Funston prior to the fall outbreak of influ- 
enza in epidemic proportions, it is noteworthy that ^^bron- 
chitis" and pneumonia were prevalent throughout the sum- 
mer in those groups showing a relatively high incidence of 
B. influenzae. At the time these studies were made the pres- 



-..jr. 



?:jr£"3.fo.T:.t« axi* ixfe^.tiox?- or kespie^^tory TELicr 











.Lll \ 


11 








» : 1 f •;. 


:-/-.- r zjt 


::: X 






** I^ETTsifixi:* ST Ini^a- 


*r..t.. ^.- x-t- 


I- 'y r.iTTo.v 


•T V%H.rrE 


\LiCE 


»::is >.LirrA os ^PT:-^^M 






y. 




* 


s 


*5 








^ 




K 


^ 


X 








^ 


i 


z 




z 








^ 


ah 


V :. 


r- ^ 


kC 






3* 




s 


-: Z 


Z > 


k 


££lfJLZK5 


* 


-• 


^ 


*^ ^ 


Z i£ 


Z 


z 




^ 
^ 




S£ 


: X 


• 


^ £1 


^ 








— ■ 


'A. 


— 


— 






l-V. • 
















A -<;' 


*' I-'.;- 














• •- 


Tuition 
Ciacr. 
Xo. 2 

Caatp 


22 Pr'-.. 

DrJOt 

Bri:;a'3- 


25 


6 


24 




BrvncLitis and pneumonia 
wtre j're-vaWni in this or- 
jani2aTi-'«n of recently 
•iraft*-i ne^iToes during July 
and Aujffust, 191 S 


A-«-- 


25 


11 


44 




Re<«nilT drafted southern 


^k 


Fijiufton, 
KAfA D^ 

Camr*. 
Xo. 2 


I>eT. Bn. 






44 




:iecTW5 not fit for full mili- 
:ary duty. Bronchitis and 
pneumonia wene prevalent 
in this organization during 
luly and Aucust. 1918 


Aa^. 


Camp 


7«>th Inf. 


2o 


11 


2'» men pres*-nting them- 


20 


Foiirton, 
Kan. 












selvt-5 at sick call for vari- 
ous complaints: not strict- 
ly normal: respiratory dis- 
ases not prevalent 



A'l^. Ft. Ril*-v Quarters 32 
22 Kan. ' 4M 

M.O.T.C. 



16 



o^y 



Au;:. 
2^» 


'"amp 

Funston, 

Kan. 


2H>tL Eng. 


27 


3 


11.1 


Nov. 
12 


Hot 

Springs, 

Ark. 


Drafted 
men 

assemMod 
to entrain 
for camp 

Misi'clia- 
n«*<ius 

Mis«M'lla- 
iieous 


50 


11 


22 


Nov. 
2.' 


Camp Pike- 
Ark. 

^'amp Pike 
Ark. 

Summary: 

• 


26 


13 


50 




25 
235 

76 


17 

S8 

61 


63 




Xonnals 
Cases of 
intlueiiza 
(for com- 
parison > 


• M .4 

S0.3 



Recent Iv draft e«l white men 
i'f 4 to S week?' service. 
Pneumonia fairly prevalent 
in this organization 

Al»out one mile distant from 
Camp Funston proper. No 
sirkness In this organiza- 
tion 

50 men selected from iso- 
lated farm communities; 12 
uave a history of '* influen- 
za" within the preceding 8 
weeks 

12 of this ffroup had influ- 
•nza during the epidemic 

f2 of this proup had influ- 
i-nza dnrinn the epidemic 



ETIOLOGY OF INFLUENZA 37 

ence of influenza in these organizations was not recognized, 
but in view of knowledge gained throughout the course of 
the epidemic at Camp Pike, it seems not improbable that 
influenza in mild form was present throughout the summer 
in certain organizations at Camp Funston. This would 
seem more likely in view of the fact that this commission 
has clearly demonstrated that a considerable epidemic of 
influenza swept through Camp Funston in March, 1918, and 
was followed by recurring smaller epidemics in April and 
May.^* In contrast with these groups showing a high inci- 
dence of B. influenzae is that of the 210th Engineers, an or- 
ganization entirely free from respiratory diseases during 
the period of our study. 

On November 12 search was made for B. influenzae in 50 
normal drafted men who had assembled at Hot Springs, 
Ark., on that date preparatory to entraining for Camp 
Pike. These men were all from isolated farming communi- 
ties where influenza was only moderately prevalent and 
where there was little opportunity for the wide dissemina- 
tion of B. influenzae such as occurs when large bodies of 
men are assembled in camps. Twelve of the 50 gave a his- 
tory of influenza within the preceding eight weeks. The 
cultures were made by the same methods as those used at 
Camp Pike, the laboratory car ^^ Lister" being taken to 
Hot Springs for that purpose. The incidence of B. influ- 
enzae was only 22 per cent. In striking contrast with this 
figure are the figures of 50 and 68 per cent obtained in the 
last two groups studied at Camp Pike after the epidemic 
had swept through the camp: 24 of the 51 men in these 
groups had influenza during the epidemic. 

It is of interest to record that the incidence of pneumo- 
coccus in these cases was approximately the same in all 
groups and bore no relation to the prevalence of influenza, 
bronchitis, or pneumonia. 

>*Opie, Freeman, Blake. Small, and Rivers: Jour. Am. Med. Assn., 1919, Ixxii, 108. 
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Table IX 

Incidence op B. Inpluenz^ in Normal Men Contrasted With That in 
Early Cases op Influenza as Determined by Multiple Cultures 

FROM Nose, Throat, and Sputum 
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swept through the camp and had been constantly in contact 
with epidemic influenza for a period of three months, 24 of 
the 51 actually having had the disease during this period. 
The fact that in the group of men from Hot Springs, B. 
influenzae was found only by the mouse inoculation method 
is noteworthy, since it indicates that the organism was pres- 
ent in relatively small numbers and could be detected only 
by a highly selective method. 

Summary of the results obtained in normal men shows 
that the incidence of B. influenzaB in normal individuals 
from isolated communities or in groups free from respira- 
tory diseases prior to the occurrence of the fall epidemic 
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wi^jt ribflfiiivA^y low, namely, 10 to 20 per cent; that in ob- 
«>./ VMti/;^i« umd^ iKffore the fall epidemic in groups in which 
'■hr^/^^'UHiii** lAtul pneumonia were fairly prevalent, B. in- 
Hku^h'/j/^ NVibi>5 found much more frequently, namely, in 25 to 
^yy l^^r 4^eni of the canes ; and that in groups studied at in- 
^^.rvnU during the epidemic the incidence of B. influenzae 
^'ttpi/iJy ios^% reaching 85 per cent at the end of the epi- 
^e/nj/'. In contrast with this, B. influenzae was found in 100 
^Mtr (U'ni of cases of influenza without reference to the time 
ijit wjij/'h they occurred during the epidemic. It is obvious 
l^jat the high percentage of normal men carrying B. influ- 
ini'/^ found at tJie end of the epidemic can depend only on 
the wid*^ ilisseminntion of B. influenzae that must occur dur- 
ing epjdt'niic timers. 

Bacillus Influenzae in Measles. — Since the presence of B. 
influenzae in otluT diseases than influenza has been ad- 
vanced as an argument against its causal relationship to 
inflnenza, an extc^nsive study of the incidence of B. influenzae 
in the tliroats of meash^s patients was made during the pe- 
riod of the epi(U»mic of influenza at Camp Pike from Sep- 
temher 10 to October 20. In all a total of 830 throat cul- 
lurtis in 4M7 cas(»s of measles were made, many cases being 
cultured rcM)eatedlv at weeklv intervals. The results have 
lieen (^on(h»n>*ed as far as possible and are presented in 
Tahh^b X, XI, XIL 

Table X 
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Thr prt^valeui-e o( 1>. iuHiieuziv in cases of measles during 
tlu' period o( the iiitluenza epiilemie eonvspondeii very 
closi'lv with that Tound in normal individuals under similar 
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Table XI 

Incidence op B. Influenza in 830 Throat Cultures in 487 Cases op Mea- 
sles; Cultures Repeated at Weekly Intervals 
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circumstances. The increasing proportion of cases carry- 
ing B. influenzsB as the epidemic of influenza advanced is 
further evidence of the wide dissemination of the organism 
during the epidemic. 

Table XII 

Total Number op B. Inpluenz^ Carriers Among 223 Cases op Measles 

AS Determined by Repeated Throat Cultures at Weekly 

Intervals apter Admission to Hospital 
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It is evident from tlie figures presented in Table XII that 
a large percentage of the measles cases studied were at one 
time or another carriers of B. influenzae. In consideration 
of this fact, it must be borne in mind that all these cases 
were cultured during the period when the influenza epi- 
demic was at its height and that many of these cases had in- 
fluenza while in the hospital for measles. No data are 
available as to the exact number, since a definite diagnosis 
of influenza could hardly bo made during the acute stage of 
measles. It is probable that approximately 25 per cent 
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dfrveloped influenza, since that was the incidence of influ- 
KV.7JA in the total population of Camp Pike. The consistent 
increase in the percentage of influenza carriers clearly 
demonstrates that this was due to wide dissemination of 
B- influenza? with the progress of the epidemic. Another 
I>o!nt of exceeding interest is that the percentage of meas- 
1/rf? cases carrj'ing B. influenza* in the throat was lowest dur- 
ifjiT the acute stage of the disease and increased during con- 
valescence. This is in direct contrast with the results found 
in cases of influenza where the number of cases carrying B. 
jjjfloenzsp in the throat was highest during the acute stage 
ajjd rapidly diminished in uncomplicated cases with the on- 
^::i of convalescence. 

Summary. — Multiple cultures made simultaneously from 
•if.-' fiose. throat and lower respiratory tract showed that 
15. iMluenza^ was invariably present in all cases of influenza 
l^^p^i, t!ic onset of the disease. Xot onlv was B. influenzae 
: r«<-^fi;t in all cases, but it was fivquently present in pre- 
'ii'j?::i;fiant numWrs, sometimes in nearly pure culture. In 
". • iTiAJority of cases that went on to rapid recovery with- 
■ i',^. rirw- «i*?velopment of an extensive broiu'hitis or compli- 
•:4r..i\^ f>Fxeumonia« the predominance of B. influenzae over 
X.'.: r onranisms rapiilly dinunislunl coincident with onset 
■r* jjii^.^Ifrs^^niv. Many eases, htnvever, continued to carry 
r: ::MT'ji^n72e in larjre nuntbers in the tluvat throughout con- 

iMVM^i^n<T^- X*> data on the jHissible duration of the carrier 
M.ii.^ hAS'K if)*^ri obtained. Ity the eultun^ methods em- 
,i..v^»l r.o otl'Lf-r orsranisnj has been found that would sug- 
>,•:! :\\rr '-MdLi.i^io relationship to the disease. The two 
.• ^.!n:>i;-t* ni«;>t CoHiuently assoeiattnl with B. influenza" in 
;M .<..uli;«MV/;i; !:ci«-*ur;onias, pneunuHHHvus and S. hemolyti- 
• .* .j:i ■* r.<>^ ' i : fi:'-' rKHl in their iiieideuw in earlv imcom- 
,1 .• ir.»r! .»n.^*-*- -r' ir r-m^u'a fivtu th^nt fovmd in nonnal in- 

:*:»n ni»i.!i'niMr ■ rf B. uirtuerrje itK Uv>rtttal men, in diflferent 
jhV\n\}** <\m\'m\L hi* varuvl Ivtwevu lUl and S8 per cent. 
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This wide variation has depended upon the prevalence of 
respiratory diseases, more particularly influenza, in the 
groups studied and the opportunity thereby offered for the 
wide dissemination of B. influenza. With the progress of 
the epidemic, the number of normal men carrying B. in- 
fluenzae has steadily increased until it reached its maximum 
at the end of the epidemic. 

The incidence of B. influenzae in cases of measles studied 
during the epidemic of influenza has been relatively high 
though never equaling that found in cases of influenza. As 
in normal men, the incidence in cases of measles has stead- 
ily increased during the period of the epidemic. Repeated 
throat cultures at weekly intervals in cases of measles have 
shown that approximately 80 per cent became temporary 
carriers of B. influenzae at one time or another during the 
period of the epidemic. Many of these cases had influenza 
during the time that they were in the hospital. The carrier 
state in cases of measles was found to bear no relation to 
the acute stage of the disease since the number of carriers 
at the time of admission to the hospital was considerably 
lower than that found during convalescence as determined 
by repeated cultures in the same cases. 

Discussion 

The bacteriologic studies in cases of influenza described 
in this report fully support Pfeiffer's claim that B. influ- 
enzae is invariably present in the disease. It is particularly 
important to note that these results were obtained in early 
uncomplicated cases of influenza and are not dependent 
upon cultures made from causes complicated by pneumonia 
or obtained at autopsy. In view of this fact the tendency 
so apparent in much of the recent literature to relegate B. 
influenzae to a place of secondary or minor importance in 
the disease seems hardly justifiable. It would seem that 
this tendency is largely dependent upon three factors : first, 
the failure of many to find B. influenza* either during life or 
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ill autopsy ill any coiisiclei-able proportion of eases; second, 
I lit? treijuent failure to ilraw a clear distinction between in- 
Hiutiiza itself ainl the pneumonia to which it predisposes 
w ilh a ronsiMjUfiit overemphasis uiK)n autopsy bacteriology 
wht^re a eonsid^Table variety of secondary organisms have 
altraeti'd particular attention: and third, an incorrect in- 
terpretation of the undoubtedly large number of B. influ- 
tm/AV carriers found among normal individuals and those 
with other diseases during the period of the epidemic and 
to h'ss I'Xtent in interepidemic times. 

Since the majority of workers who are thoroughly fa- 
miliar with the tr*chnic of cultivating B. influenza? have en- 
couiitenil little difficulty in finding it in a large majority 
of '-asifH, it iH felt that the considerable number of negative 
it'jiorts that have ai>peared can depend only upon the im- 
familiaritv of those who have failed to find it with the 
jiroji^r bacti-riologic methods. This is quite apparent in 
many of the reports that have been published, and is not 
surjirisiiig in the face of the excessive demand for well- 
traiiM'<l ba^'t^rirdogists occasioned by the war. 

Oui* important feature in the successful i^^olation of B. 
\utUwuyji* from all cases that has been brought out in the 
course* of the work here reported, is the necessity of making 
simultaneous cultures from all portions of the respiratory 
tract, since by no single culture method was it found possi- 
bl(» to find tlu» organism in all cases. It has been pointed 
out that oii<» of the most characteristic local phenomena of 
tlic dis4»aKi» is the rapidly progressing attack upon the mu- 
cous menibnuies of the respiratory tract. It seems quite 
possible that H. influenzje in i>redominant numbers at least 
iiiav ho found in manv cases onlv at the crest of the wave, 
if \vt» niav speak of it as such. Bv wav of analosrv is the 
wt'll recognized fact that tlie succ«\<sful isolation of strep- 
tococcus from cases of erysipi^las often depends upon tak- 
ing cultures from the margin of the advancing lesion, AMiile 
(h^ihiite proof is lacking for this opinion, it would seem to 
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receive some support from the observation that B. influ- 
enza? rapidly disappears from tlie throat with the onset of 
convalescence in a considerable proportion of cases. It is 
felt that these observations, establishing the predominance 
of B. influenzae in the early acute stages of the disease, are 
of considerable significance, especially when exactly the re- 
verse condition was found in studying the incidence of the 
organism in cases of measles. 

In consideration of the primary cause of influenza, atten- 
tion has often been focused upon the many different bacteria 
found in autopsy cultures. The most prominent of these 
are the ill-defined diplo^treptococci of the European writ- 
ers, the various immunologic types of pneumococci, and S. 
hemolyticus. Other microorganisms less frequently found 
are staphylococci, M. catarrhalis, nonhemolytic strepto- 
cocci, and B. mucosus capsulatus. It is not within the scope 
of this paper to discuss their relation to the various types 
of pneumonia found at autopsy, but their very multiplicity 
would seem sufficient prima facie evidence that they bear 
no etiologic relationship to influenza and must be regarded 
only as secondary invaders. If any further support for this 
opinion were necessary, it may be found in the studies upon 
the incidence of pneumococcus and S. hemolyticus in early 
cases of influenza described in this report. Both were found 
to occur in the same proportions in which they may be 
found in normal individuals at any time. 

Although Pfeiffer maintained that B. influenzae was 
found only in true epidemic influenza, the incorrectness of 
this contention has been thoroughly established by many 
reliable investigators and it has been shown beyond ques- 
tion that influenza bacilli mav alwaA's be found in a small 
proportion of normal individuals and are not infrequently 
foimd in other respiratory diseases. 

The fairly extensive studv that has been made of the in- 
cidence of B. influenzae in normal men and in cases of mea- 
sles has clearly demonstrated that the proportion of car- 
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Tif^TH found in any group depends upon the prevalence of 
influ^'Hza in the ^roup .studied and that with the progress 
of the epidemic the percentage of carriers has steadily in- 
creased. WTien one considers that the opportunity for the 
dis>einination of B. influenza? by contact infection is almost 
unlimited during an epidemic of the proportions of that 
which has swept over the country, this is not at all surpris- 
injr. That such a large numl3er of normal individuals be- 
r-ame carriers of B. influenza* <luring the epidemic would 
seem to be sufficient evidence that actual dissemination does 
TKrcur and to controvert the theory that in actual cases of 
influenza, conditions are established in the respiratory tract 
whereby B. influenza?, always present in small numbers, is 
enabled to **grow ouf and become the predominant or- 
ganism. From a consideration of all the observations made 
as to the incidence of B. influenzae in various conditions it 
would appear that the carrier condition is quite analogous 
to that found with many other bacteria, and may be divided 
into three groups: (a) acute carriers, those having influ- 
enza, (b) contact carriers, those who during epidemic times 
become temporary carriers of the organism without con- 
tracting the disease, and (c) chronic carriers, the relatively 
small number of normal individuals or those with chronic 
respiratory conditions who carry B. influenzae over long 
periods of time. From the facts at hand this would seem to 
be the most probable explanation of the conditions found. 
It is certainly true that the established presence of pneu- 
niococcus, B. diphtlieriae, meningococcus and many other 
organisms in a varying proportion of normal individuals is 
not regarded as sufficient evidence to exclude them as the 
etiologic agents of the diseases which they cause. , 

It is quite o])vious that if B. influenzae is to be regarded 
as the cause of epidemic influenza, it must change quite 
rapidly undc^r certain circunistances from a relatively sap- 
rophytic, organism to a relatively virulent pathogenic or- 
ganism, and conversely return to its avindent state follow- 
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ing the passage of an epidemic. Animal experimentation 
has taught us that virulence is acquired by the rapid pas- 
sage of an organism from host to liost. That an oppor- 
tunity for the rapid transference of B. influenzae from man 
to man was provided by the assembling of large groups of 
individuals relatively susceptible to respiratory diseases 
in our camps and cantonments is by no means impossible. 
It has been clearly shown by Vaughn and Palmer" that 
men from rural districts are very susceptible to respiratory 
diseases and that the camps in which such men were as- 
sembled suffered most heavily in this respect during the 
A\dnter of 1917-18. This Commission has clearly demon- 
strated that an epidemic of influenza swept through Camp 
Funston" in the spring of 1918 and that a similar epidemic 
occurred at Camp Pike. Accumulating evidence will un- 
doubtedly show that like epidemics existed in many of our 
southern camps (Vaughn and Palmer," Soper"). It is of 
considerable interest that B. influenzae was found in almost 
one-half of the cases of bronchopneumonia studied by Cole 
and MacCallum^^ at Fort Sam Houston in February and 
March, 1918. This relation is especially noteworthy, since 
an epidemic of influenza was seen by one of us (Blake) 
among the troops at Kelly Field and Fort Sam Houston 
during these months. That similar conditions existed in 
European armies as early as 1916-17 is suggested by the 
reports of Hammond, Holland, and Shore^^ and of Abra- 
hams, Hallows, Eyre, and French^® on epidemics of ** pur- 
ulent bronchitis" with bronchopneumonia in the British 
army. B. influenzae was found abundantly in these cases. 

Theoretically, under the conditions outlined above, ideal 
opportunities have been provided for B. influenzae to build 
up sufficient virulence to enable it to produce the pandemic 
of 1918-19. While it is thoroughly recognized that these 

**Vaughn and Palmer: Jour. Lab. and Clin. Med., 1918, iii, 635. 
»Soper: Jour. Am. Med. Assn., 1918, Ixxi, 1899. 
*'Cole and MacCallum: Jour. Am. Med. Assn., 1918, Ixx, 1146. 
'"Hammondt Rolland, and Shore: Lancet, London, 1917, ii, 41. 
''Abrahams^ Hallows, Eyre, and French: Lancet, London, 1917, ii, Z77. 
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considerations are in the main hypothetical, it is felt that 
they are by no means beyond the bounds of possibility, and 
for that reason are offered as suggestions worthy of fur- 
ther investigation. 

It is, of course, perfectly possible on the basis of the ob- 
servations presented still to regard B. influenzaB as a sec- 
ondary invader which makes its appearance in all cases of 
influenza simultaneously with the onset of clinical "symp- 
toms. Final proof of its causal relationship to the disease 
must depend upon the production of influenza by experi- 
mental inoculation. Results hitherto obtained in attempts 
to produce the disease experimentally have been contra- 
dictory. Pfeiffer^ claimed to have produced a disease in 
monkeys in some respects resembling influenza by the in- 
tratracheal injection of freshly isolated cultures of B. in- 
fluenzae. WoUstein,^- in studies upon the pathogenicity of 
various strains, has shown that B. influenzae is generally 
pathogenic for mice and guinea-pigs without respect to 
source or virulence for man. Pathogenicity for rabbits 
and monkeys, on the other hand, was possessed only by 
strains that were highly virulent for man. She further- 
more pointed out that for successful animal experimenta- 
tion, it is imperative that inoculations be carried out im- 
mediately after the isolation of the bacilli because they rap- 
idly lose virulence by subculture on artificial media. It is 
felt that failure to appreciate these facts has been respon- 
sible for the often repeated statement that B. influenzae is 
not pathogenic for animals. 

In a series of animal experiments carried out by this com- 
mission recorded in an apjiendix to this report, sixteen- 
hour cultures of B. influenzae freshly isolated from early 
cas(\s of influenza were demonstrated to be pathogenic for 
monkeys, both by inoculation of the nasal and phar\Tigeal 
mucosa and ])y intratracheal injection. Monkeys so inocu- 
lated developed coryza, epistaxis, tracheitis, bronchitis, and 
extreme prostration. Experiments with forty-eight-hour 
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cultures of strains preserved by subculture during from ten 
to fifteen days failed to demonstrate pathogenicity for mon 
keys. Proof that these monkeys had influenza can depend 
only upon the demonstration that they suffered with a dis- 
ease having the clinical character and pathologic lesions of 
influenza. 

The reported failure to produce influenza in man by di- 
rect inoculation with freshly isolated cultures of B. influ- 
enzae in experiments conducted on volunteers by the United 
States Public Health Service-® at Gallops Island, Bo-ston, 
is interesting, but would seem to lack definite significance 
since attempts to transmit the disease from man to man by 
direct contact ako failed. Since all the subjects of these 
experiments had been previously exposed to influenza dur- 
ing the epidemic, 30 per cent actually having contracted the 
disease, it w^ould seem probable that the remaining 70 per 
cent were only very slightly if at all susceptible. It is note- 
worthy that the attack rate of influenza in most army 
groups wa-s approximately 20 to 30 per cent during the epi- 
demic, the remaining 70 to 80 per cent failing to contract 
the disease though equally exposed. No other explanation 
presents itself except that influenza is no longer transmis- 
sible when clinical symptoms have appeared. 

Conclusions 

1. Consideration of all the evidence available makes it 
seem highly probable that B. influenzae is the specific etio- 
logic agent of epidemic influenza, because (a) it is always 
present in early uncomplicated cases of influenza; (fe) it is 
predominantly so during the acute stage of the disease in 
cases going on to rapid recovery without development of 
complications; (c) its presence in varying numbers in nor- 
mal individuals and in other diseases of the respiratory 
tract is not valid evidence against its etiologic relationship 
to influenza, but on the contrary is quite in harmony with 

^Public Health Reports, U.S.P.H. Service, 1919, xxxiv. 33. 
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what should be expected from our knowledge of other bac- 
teria known to be the etiologic agents of various respira- 
tory disea-ses; (d) its rapidly increasing prevalence in nor- 
mal individuals simultaneously with the progress of the 
epidemic indicates that actual dissemination of B. influenzae 
readily occurs and is very widespread during pandemic 
times; (e) cultures of B. influenzae freshly isolated from 
early acute cases of influenza are pathogenic for animals, 
and may produce in monkeys a disease closely resembling 
influenza. 

2. Final proof of the exact relationship of B. influenzae 
to influenza must depend upon (a) more definite knowledge 
of the immunology both of the organism and of the disease, 
and (6) knowledge of the pathologic lesions of influenza 
and the production of tliese lesions in animals by inocula- 
tion with B. influenzae. 
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CHAPTER II 

CLINICAL FEATURES AND BACTERIOLOGY OF IN- 
FLUENZA AND ITS ASSOCIATED PURULENT 
BRONCHITIS AND PNEUMONIA 

Francis G. Blake, M.D., and Thomas M. Rivers, M.D. 

The material presented in this section of the report con- 
sists of clinical and bacteriologic observations made dur- 
ing the course of an investigation of influenza and its asso- 
ciated bronchitis and pneumonia at Camp Pike, Ark., be- 
tween September 6 and December 15, 1918, comprising part 
of a correlated study of the epidemiology, bacteriology, 
pathology, and clinical features of these diseases. The bac- 
teriologic studies are in the main limited to those made dur- 
ing life, those made at necrop*sy being reported in another 
section of tliis report. 

Methods. — All cases upon which the clinical and bacte- 
riologic data presented are based, were examined by the 
authors and our ow^n clinical histories and physical exam- 
inations Avere recorded. This was considered of special im- 
portance, since in studying a group of diseases in which 
secondary infection of the respiratory tract might super- 
vene at any time, it was essential to determine as far as 
possible the exact clinical condition of the patient at the 
time w^hen bacteriologic examinations were made. The bac- 
teriologic methods employed were the direct culture of 
nose and throat swabbings and of selected and washed 
specimens of sputum on the surface of 5 per cent defibri- 
nated horse blood agar plates, the intraperitoneal inocula- 
tion of white mice with specimens of sputum according to 
the method described bv Blake^ for the determination of 



^Blake: Jour. Expcr. Med., 1917, xxvi, 67. 
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pneiimoeoccus types, and in some cases tlie method of 
Avery.- B. influenza^ pneumocoeci and hemolytic strep- 
tococci were identified by the methods described elsewhere. 
Note was made in most instances of the presence of other 
organisms such as members of the Gram-negative diplo- 
coccus group, staphylococci, diphtheroids, and members of 
the streptococcus viridans group, but no attempt was made 
to further isolate or identify them since they played no sig- 
nificant part in the cases studied except in rare instances. 

Influenza 

The fall epidemic of influenza at Camp Pike began about 
September 1, 1918, and reached epidemic proportions on 
September 23 when 214 cases were admitted to the base 
hospital. The epidemic was at its height from September 
27 to October 3, during which period there were in the 
neighborhood of 1,000 new cases daily. From this date un- 
til October 31 the number of new cases occurring daily 
steadily decreased and by the latter date the epidemic was 
over. Scattered cases continued to occur, however, through- 
out November, and during the last week of this month and 
the first week of December a second epi<leniic wave of rela- 
tively mild character occurred. From September 1 to Octo- 
l)er 31 the total number of cases of influenza reporting sick 
was 12,393. During the same period there were 1,499 cases 
of pneumonia with 466 deaths. 

Influenza as observed at Camp Pike differed in no es- 
sential respects from that occurring elsewhere. In brief, 
it presented itself as a highly contagious, solf-limited infec- 
tious disease of relativelv short duration in most instances, 
the principal manifestations of which were sudden onset 
with high fever, profound prostration, severe aching pains 
in back and extremities, conjunctival injection, flushing of 
the face, neck, and upper thorax often amounting to a true 
erythema, and a rapidly ])rogressing atta(*k upon the mu- 
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cous membranes of the respiratory tract as manifested by 
coryza, pharyngitis, tracheitis and bronchitis with a 
marked tendency to hemorrhage; in itself it is rarely se- 
rious, but in reality serious because of the large number of 
individuals attacked and temporarily incapacitated and be- 
cause it predisposed to widespread and highly fatal sec- 
ondary infection of the lungs. 

Clinical Features. — A clinical studv of 100 consecutive 
cases of influenza admitted during the height of the epi- 
demic was made. 

The onset was sudden, in most instances being initiated 
Avith marked sensations of chilliness in 82 cases. Although 
a severe chill was probably relatively uncommon, 44 of these 
patients considered the symptom of sufficient severity to 
describe it as such. This was accompanied by extreme gen- 
eral malaise with severe aching pains throughout the whole 
body. Intense backache was complained of in 40 cases, 
headache in 54 cases. A varying degree of prostration, 
sometimes leading to complete collapse, was almost uni- 
versal; 5 patients complained of extreme asthenia and 2 
of marked dizziness. At time of admission to the hospital 
the face, neck and upper chest exhibited a uniform eryth- 
ematous flush, never macular in appearance. The conjunc- 
tivae were deeply injected, but lacrimation was not notice- 
able and a true exudative conjunctivitis was not encoun- 
tered. Onset was accompanied by a sharp elevation of tem- 
perature ranging from 100°F. to 106° F., in most cases be- 
ing between 102° F. and 105° F., at the time of admission. 
No constant type of temperature curve was maintained. 
Excluding the 15 cases in this group that developed pneu- 
monia, the temperature was well sustained throughout the 
course of the disease in 46, irregular in 33, and definitely 
remittent in 6. The duration of the fever varied between 
one and seven days, the temperature having returned to 
normal in all but 19 of the 85 cases by the end of four days. 
The duration of fever was one dav in 18 cases, two days in 
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12, three days in 19, four days in 17, five days in 10, six 
days in 4, and seven days in 5. Of the 4 cases with fever 
for six daj^, 2 had a fairly extensive bronchitis, 1 a laryn- 
gitis. Of the 5 cases with fever of seven days' duration, 3 
had signs of an extensive bronchitis, 2 of only a mild bron- 
chitis. 

The pulse was relatively slow in rate as compared with 
the degree of temperature elevation, nmning between 90 
and 100 beats per minute in the large majority of cases. 
At the height of the disease it was full and easily com- 
pressed. No irregularities were noticed. AVith recovery 
it fell promptly to normal. The respiratory rate showed 
only moderate elevation, being between 20 and 26 in most 
cases. In a few instances a rate as high as 32 was recorded 
at time of admission to the hospital, but this promptly fell 
with rest in bed. A respiratory rate rising above 26 after 
the third or fourth day of the disease nearly always indi- 
cated a beginning pneumonia. With recovery the rate 
promptly fell to normal. Cyanosis did not occur in the 
absence of pneumonia. 

Aside from the manifestations of a profound toxemia, 
influenza was preeminently characterized by symptoms of 
respiratory tract infection. The appearance of respiratory 
symptoms occurred at varying intervals after the onset of 
the disease, being well developed by the end of twenty-four 
hours in most cases. A progressive attack upon the mu- 
cous membranes of the respirator}^ tract was universal, be- 
ginning with coryza and pharyngitis and progressing to 
tracluMtis or ricr v(*rsa. Further oxt(*nsion of the infection 
to tli(» bronchi, ho\vev(»r, was l)y no means universal, 49 
cast's in tin* groui> studiiMl recovering without developing 
evichMice of bronchitis. Sore throat was rarely complained 
of, and laryngitis. ])ossihly duo to secondary infection, oc- 
cun-cd only once. The prognsss of the infection was marked 
snbjoctivcly l)y sensations of irritation, stinging, and a feel- 
ing of tightness. A i)rofuse, thin, mucoid (exudate appeared ; 
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the pharyngeal walls and the soft palate showed a charac- 
teristic deep red granular appearance. The onset of tra- 
cheitis began with a sense of burning and tightness beneath 
the sternum accompanied by a harassing cough, at first non- 
productive, later with the outpouring of an exudate becom- 
ing productive. The sputum varied in character between a 
scanty, thin, mucoid sputum and a profuse, frankly puru- 
lent sputum in cases subsequently developing an extensivo 
bronchitis. Hemorrhage from the mucous membranes was 
common. Epistaxis occurred in 12 per cent of the cases 
and was often profuse. The sputum contained fresh blood 
in varying amounts in 24 per cent of the cases ; 51 per cent 
of the cases developed signs of bronchitis. In 15 of these 
the bronchitis was mild, probably limited to the larger 
bronchi, physical examination showing only inconstant sibi- 
lant and musical rales. The sputum in these cases was 
neither profuse nor frankly purulent ; 36 cases developed a 
fairly extensive purulent bronchitis as manifested by more 
or less diffusely scattered moist rales and by moderately 
copious mucopurulent or frankly purulent sputum. This 
bronchitis was not accompanied by an increase in the re- 
spiratory rate or by cyanosis unless pneumonia subse- 
quently developed. 

Gastrointestinal symptoms were insignificant : 8 patients 
complained of nausea early in the disease and 6 of them 
vomited. Diarrhea occurred in only 1 case, constipation 
being the rule. The spleen was palpable in 21 cases, but 
this is of doubtful significance, since nearly all the patients 
came from malarial regions. Jaundice was not noted. 
Aside from the profound depression, sometimes amounting 
to stupor, mental symptoms were not noted except in 1 
case which showed a mild delirium. 

Influenza, although per se a self -limited disease of short 
duration, frequently leads to the development of serious 
complications, the most important of which are pneumonia 
and purulent bronchitis with a varying degree of bronchi- 
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ectasis. In the group of 100 eases of influenza studied, pur- 
ulent bronchitis developed in 36 instances, pneumonia in 
13; in 3 cases there was lobar pneumonia, in 12 broncho- 
pneumonia. Further discussion of these complications is 
reserved for the sections dealing with them in detail. Other 
complications were relatively rare. Otitis media occurred 
in one case and frontal sinusitis in one. No fatalities w^ere 
observed among cases of uncomplicated influenza, the 
deaths that occurred being invariably associated with a 
secondary pneumonia due in nearly all instances to sec- 
ondary infection with pneumococci or hemolytic strepto- 
cocci. 

Purulent Bronchitis 

It has been stated that a considerable number of cases 
of influenza developed a more or less extensive purulent 
bronchitis. This term is used as descriptive of a group of 
cases showing clinically evidence of a diffuse bronchitis as 
manifested by numerous medium and fine moist rales scat- 
tered throughout the chest and evidence of a definitely pu- 
rulent inflammatory reaction as indicated by the expectora- 
tion of fairly copious amounts of mucopurulent or frankly 
purulent sputum. This condition is regarded as quite dis- 
tinct, on the one hand, from the common type of mucoid 
bronchitis frequently associated with ** common colds" and 
a fairly common feature of uncomplicated cases of influ- 
enza, in which physical examination of the chest reveals 
only transient sibilant and musical rales without evidence 
of extension to finer bronchi, and, on the other hand, from 
bronchopneumonia. 

Bacteriolo^. — Thirteen cases of purulent bronchitis fol- 
lowing influenza in none of which was there any evidence of 
pneumonia at the time cultures of the sputum were made 
nor later were sul)jected to careful bacteriologic study. 
Specimens of bronchial sputum were collected in sterile 
Petri dishes and seleet(Hl portions thoroughly washed to 
remove surface contaminations before bacteriologic ex- 
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aminatioiis were made. The results are shown in Table 
XIII. 

Table XIII 

Bacteriology op the Sputum in Cases of Purulent Bronchitis Follow- 
ing Influenza 



_ . „„ 1 stained film op 


direct culture on 




case 






MOUSE inoculation 




sputum 


blood agar plate 




GJ 


B. influenzw + + + 


B. influenzae + + + + 


B. influenzae 




Gram -f- diplococci + 


Pneumococcus + 


Pneumococcus 

(type undetermined) 


WAL 


B. influenzae + + 


B. influenzae + + + 






Gram -f- diplococci + + 


Pneuinococcus IV + + 




TH 


B. influenzae + + + 


B. influenzae + + + + 






Gram -f- diplococci + + + 


Pneumococcus IV + + 




LH 


B. influenzae + 


B. influenzae + + 






Gram + diplococci + 


Pneumococcus IV + + 




FBD 


Gram -f- diplococci + + + -} 


Pneumococcus IV + + + 


Pneumococcus IV 






B. influenzae + 


B. influenzae 


Wa 


B. influenzae + + 


B. influenzae + + 






Gram + diplococci + + 


Pneumococcus IV + + 




Sh 


B. influenzae + + + 


B. influenzae + + 






Gram + diplococci + + 


Pneumococcus IV + + 4- 




Wal 


Gram + diplostrep ^ + 4- 


S. viridans + + 






B. influenza; + 


B. influenzae + + 




CLF 


B. influenzae + + + + + 


— 


B. influenzff) 




Gram + diplococci + 




I^neumococcus IV 


NCC 


B. influenzae + + 


B. influenzae + + + 


B. influenzae 




Gram - micrococcus + 


M. catarrhalis + + 


M. catarrhalis 




Gram + diplostrep. -f- 


S. viridans + + 




JCM 


B. influenzae + + + 


B. influenzae + + + + 


B. influenzff) 




Gram + streptococcus + 


S. hemolyticus + 


S. hemolyticus 




Gram - micrococcus + 


M. catarrhalis + 


Pneumococcus IV 




Gram + diplococcus + 






Bl B. influenzae + 




B. influenzae 




Gram + diplococcus + 




Pneumococcus Ila 


Bu B. influenzae + + + + 


B. influenzae + + 4- 


B. influenzae 


iGram + diplococcus + + + + 


Pnoumococcus IV -!- + 4- 


Pneumococcus FV 



From the data presented in Table XIII it is evident that 
a mixed infection existed in all cases. The results obtained 
by stained sputum films and by direct culture on blood agar 
plates are of special significance. B. influenza? was present 
in all cases, being the predominant organism in 6 cases, 
abundantly present in others, and few in number in 2. 
Of other organisms the pneumococcus was most frequently 
found, occurring in 11 of the 13 cases, in all but 2 instances 
being present in considerable numbers. S. viridans was en- 
countered twice, once in association with a Gram-negative 
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micrococcus resembling M. catarrhalis culturally. S. hem- 
olyticus was found once, together with M. catarrhalis and 
a few pneumococci, Type IV, coming through in the mouse 
only and of doubtful significance. The stained sputum 
films and direct cultures always showed these organisms 
present in sufficient abundance to indicate that they were 
present in tlie bronchial sputum and were not merely con- 
taminants from the buccal mucosa. 

It seems quite probable from these results that purulent 
bronchitis following influenza is, in most cases at least, due 
to mixed infection of the bronchi and should be looked upon 
as a complication of influenza. Whether the condition may 
be caused by infection with B. influenzae alone is difficult 
to say. No evidence that it may be caused by B. influenzae 
alone was obtained in the cases studied. It is not intended 
to enter here into a discussion as to whether B. influenzae 
should be regarded as a secondary invader or not ; the other 
organisms encountered certainly are. It would seem most 
probable that purulent bronchitis is caused by the mixed 
infection of B. influenzae and various other organisms, com- 
monly the pneumococcus, but that the condition is initiated 
by the invasion of the bronchi by these other organisms in 
the presence of a preceding infection with B. influenzae. 

Clinical Features. — ^Purulent bronchitis following in- 
fluenza began insidiously without any prominent symptoms 
to mark its onset. About the third or fourth dav of in- 
fluenza, when recovery from the primary disease might be 
looked for, the patient would begin to cough more fre- 
quently, raising increasing amounts of mucopurulent 
sputum. This sputum was yellowish green in color, copious 
in amount, and often somewhat nummular in character, 
sometimes streaked with blood. These symptoms were ac- 
companied by the appearance of coarse, medium and fine 
moist rales more or less diffusely scattered throughout 
the chest and usually most numerous over the lower lobes. 
The percussion note, breath and voice sounds, and vocal 
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and tactile fremitus remained normal. There was no 
increase in the respiratory rate or pulse rate, and cya- 
nosis did not develop in the absence of a beginning pneu- 
monia. Many such cases, of course, developed broncho- 
pneumonia; in this event areas showing diminished reso- 
nance, suppressed breath sounds, and fine crepitant rales 
with the ** close to the ear'^ quality would appear, the res- 
piratory rate would become increased and cyanosis would 
become evident. In those cases of purulent bronchitis 
not developing pneumonia, a moderate elevation of tem- 
perature, rarely above 101° F., and irregular in character 
usually occurred and persisted for a few days or a week. 

Many cases maintained a persistent cough, raising con- 
siderable amounts of sputum throughout the period of their 
convalescence in the hospital, which was often considerably 
prolonged when this complication of influenza occurred. 
Although no clinical data are available on such cases over 
a prolonged period of observation, it seems probable that 
some of them, at least, had developed some degree of bron- 
chiectasis. This would seem all the more probable, since 
many cases of pneumonia following influenza showed at 
autopsy extensive purulent bronchitis wdth well-developed 
bronchiectasis. Bronchiectasis will be discussed in greater 
detail in another section of this report. It is this group 
of cases with more or less permanent damage to the bron- 
chial tree that makes this type of bronchitis following in- 
fluenza a serious complication of the disease. 

PNEUMONIA 

The opportunity presented for a correlated study of the 
clinical features, bacteriology, and pathology of pneumonia 
following influenza throughout the period of the epidemic 
at Camp Pike from September 6, 1918, to December 15, 
1918, made it evident that this pneumonia could be regarded 
as an entity in only one respect, namely, that influenza was 
the predisposing cause. Clinically, bacteriologically, and 
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pathologically it presented a very diversified picture rang- 
ing all the way from pneumococcus lobar pneumonia to 
hemolytic streptococcus interstitial and suppurative pneu- 
monia with the picture modified to a varj^ng extent by the 
preceding or concomitant influenzal infection. 

One hundred and eleven consecutive cases in which care- 
ful clinical and bacteriologic studies were made form the 
basis of the material presented. Of these cases, 38 came to 
necropsy so that ample opportunity was presented to cor- 
relate the clinical and bacteriologic -studies made during 
life wnth the pathology and bacteriology at necropsy. It 
has seemed advisable to group the cases primarily on an 
etiologic basis with secondary division according to clinical 
features in so far as this can be done. Bacteriologic studies 
showed that at the time of onset these pneumonias were 
either pneumococcus pneumonias or mixed pneumococcus 
and influenza bacillus pneumonias in nearly all instances. 
Certain of these cases later became complicated by a super- 
imposed hemolytic streptococcus or a staphylococcus in- 
fection. In a few instances hemolytic streptococcus 
pneumonia directly followed influenza without an interven- 
ing pneumococcus infection. B. influenzae was present in 
varying numbers in nearly all cases. In only 2 instances 
however, was it found unassociated with pneumococci or 
lieniolytic streptococci, once alone and once with S. viridans. 

Clinically the cases fell into four main groups : (1) Lobar 
pneumonia; (2) lobar pneumonia with purulent bronchitis; 
(3) bronchopneumonia (pneumococcus) ; (4) bronchopneu- 
monia (streptococcus). It should be borne in mind, how- 
ev(»r, that the picture was a complex one and that cor- 
vvci clinical int(»rprotation was not always possible, since 
many cases did not conform sharply to any one tjT^e and 
sup(»rini])()sed int'c^ctions during the course of the disease 
often modified the picture. 

Pneumococcus Pneumonia Following Influenza. — Bacte- 
riologic exanrmatioii of selected and washed specimens of 
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sputum coughed from the lungs at time of onset of pneu- 
monia showed the various immunologic types of pneumo- 
coccus to be present in 105 cases. The inr»idence of the 
different types is shown in Table XIV. 



Table XIV 



Types of Pneumococcus 


IN lOo Cases op Pneumococcus Pneumonia Fol- 
lowing Influenza 




LOBAR 

pneumonia 


broncho- 
pneumonia 


total 


PER CENT 


Pneumococcus, Type I 
Pneumococcus, Type II 
Pneumococcus, II atyp. 
Pneumococcus, Type III 
Pneumococcus, Group IV 


8 
3 

12 
3 

32 




1 

7 

3 

36 


8 
4 
9 
6 

68 


7.6 

3.8 
18.1 

5.7 
64.8 



The most noteworthy feature of tlie figures in Table XIV 
is the high proportion of pneumonias due to types of pneu- 
mococci found in the mouths of normal individuals, 93 cases 
or 88.6 per cent, being caused by Pneumococcus Types II 
atypical, III, and IV. This is in harmony with the results 
generally reported and is in all probability due to the fact 
that in patients vdth influenza pneumococci, which under 
normal conditions would fail to cause pneumonia, readily 
gain access to the respiratory tract and produce the disease. 
It is also of interest that with one exception the highly 
parasitic pneumococci of Types I and II were associated 
with pneumonias clinically lobar in type. 

Superimposed infection of the lungs with other types of 
pneumococci than those primarily responsible for the de- 
velopment of pneumonia occurred not infrequently in this 
group of cases either during the course of the disease or 
shortly after recovery from the first attack of pneumonia. 
Pneumococcus Type II infection was superimposed upon 
or shortly followed pneumonia caused l)y Group IV pneu- 
mococci in 4 instances, by Pneumococcus II atypical in 1 
instance. In 1 case pneumonia due to Pneumococcus II 
atypical occurred three days after recovery from a Pneu- 
mococcus Type I pneumonia, in another case Pneumococcus 



Tyj^r III juf-fic-t3<!iii Tits FDp*eria:ipc*fied TapK-m a pioirainoiiia or- 
j;rjjjLaJjY duf- v> a pii*-TiiiK'K-»c»«Ta^ of Grc*Tip IV- These eases 
^r^ pr*?»f^ut^ in 4elaO in aiK^ii'er §*eiei5<*ii c*f this report, 
ajid jjj f^ev^t-ral iuj^lanc-**; T^re ^Iiotte i<* l>e direetlT due to 
<:os}V^fi mf^fXion froK! f^ali-put* m iD^iziulx^riiur beds. 

Tij a similar i]Qanii«er. Faperii£i]:<«sed inflection with S. 
L^-wjoJyticu* at somf- tina*» during iLe eonrse of the pnen- 
fuosAz ^>^r/rorred in 13 ea.S'^ in this srroap. with fatal result 
hi all but one. Streptoeoeeus infection oeeurred in pneu- 
uionia du<r to Pneumoeoeens 11 atypical once, to Pneumo- 
c^¥r/'»jif Type 111 once, and to pnemnocoeci of Group TV 
frUiv^'U tim^fg. Xine of these cases were free from hemo- 
lytic' streptococci at the time of onset of the pneumonia, 
4 j^how^!<] a very few colonif*s of hemolytic streptococci in 
the firift sputum culture made. 

B. influenza' was found In the sputum coug:hed from the 
d^r^'fK'r ai r passages in the majority of cases, being present 
in 8^), or 76.2 f>er cent, of the 105 cases. In the 58 cases 
of loliar pneumonia it was found 41 times, or 70.7 "per cent, 
in the 47 ca^es of bronchopneumonia 39 times, or 82.9 per 
f'i'Ui. The abundance of B. influenzae in the sputum varied 
frn-atly in different cases. Microscopic examination of 
Htained Hputum films and direct culture of the sputum on 
blood agar plates showed that in general it was more abun- 
riant in the mucopurulent sputum from caises of broncho- 
fMM'Umonia than in the mucoid rusty sputum from cases 
of lobar pneumonia. This was by no means an invariable 
nib', liowr-ver, since in tlie foniier the bacilli were some- 
fiirK'H very few in number, in the latter quite abundant. 
\Vh<<lier H. influenza* sliared in the production of the actual 
piMMiinonia in those rases is difficult to decide and cannot 
\}i' slaled on tlu* basis of the l)actenologic and clinical ob- 
s<*rvalions which hav(» been made. 

Clinical Features.— One of the most striking aspects of 
pnenniococcus pneumonia following influenza was the 
(liv(»i-sity of clinical pictures presented. These varied all 
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the way from the classical picture of lobar pneumonia to 
that of bronchopneumonia of all grades of severity from 
the rapidly fatal coalescing type to that of very mild char- 
acter with very slight signs of consolidation. For this 
reason it is questioned whether there is any real justifica- 
tion for speaking of a typical influenzal pneumonia, an 
opinion that seems well supported by the diversified picture 
found at the necropsy table. 

For purposes of presentation, pneumococcus pneumonia 
following influenza may be divided into three clinical 
groups: (1) Lobar pneumonia; (2) lobar pneumonia with 
purulent bronchitis; (3) bronchopneumonia. No accurate 
data are available as to the relative frequency with which 
these three types occurred at Camp Pike. In the group of 
105 cases studied there were 58 cases of lobar pneumonia, 11 
of which had purulent bronchitis, and 47 cases of broncho- 
pneumonia. The majority of these cases, however, oc- 
curred during the early days of the epidemic of influenza 
and probably show a considerably higher proportion of 
lobar pneumonias than actually occurred in the total num- 
ber of pneumonias throughout the epidemic. This is indi- 
cated by the fact that of 100 consecutive cases of influenza 
selected for observation at the height of the epidemic, 3 de- 
veloped clinical evidence of lobar pneumonia and 12 of 
bronchopneumonia. 

(1) Lobar pneumonia presenting the typical clinical pic- 
ture with sudden onset, tenacious rusty sputum, sustained 
temperature, and physical -signs of complete consolidation 
of one or more lobes occurred in 47 cases ; 36 cases in this 
group definitely followed influenza. In 11 cases no certain 
clinical evidence of a preceding influenza was obtained, and 
it is probable that some of these represent cases of pneu- 
monia occurring independently of the epidemic of influenza. 

The onset of pneumonia in this group of cases occurred 
from four to nine days after the on-set of influenza and with 
few exceptions was ushered in by a chill and pain in the 
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chest. In several instances the patient had apparently re- 
covered from influenza as evid(Miced by fall of temperature 
to normal. After twenty-four to seventy-two hours of nor- 
mal temperature the patient would have a chill and develop 
lobar pneumonia. In the majority of cases, however, lobar 
pneumonia developed while the patient was still sick with 
influenza. The course of the disease, symptomatology 
and physical signs were quite characteristic of lobar pneu- 
monia and recjuire no special comment. Recovery by crisis 
occurred in 21 cases, by lysis in 8. Pneumococcus empyema 
developed in 3 cases, fibrinopurulent pericarditis in 3 and 
all Imt 1 of these 6 cases terminating fatally. 

Ill Table X\' 5 fatal cases of lobar pneumonia, which 
illustrate some of the unusual features of the disease when 
it follows influenza, have been summarized. The first 2 
cases represent examples of recurring attacks of pneu- 
monia which developed shortly after recoverj' from the 
first attack, in both instances being due to types of pneu- 
mococci diflFerent from those causing the first attack. The 
third case represents an example of superimposed infection 
of the lungs with hemolytic streptococci and staphylococci 
during the course of a pneumonia due to Pneumococcus IV 
and di:sappearancc of the latter organism from the tissues 
so that it was not found at time of necropsy. The last 
2 cases are examples of fulminating rapidly fatal cases of 
lobar pneumonia associated with mixed infections of pneu- 
mococci and hemolytic streptococci, the streptococci prob- 
al)ly b(»ing s(»condary in both cases. Cases like the few 
exanij)les cited abovcs which occurred not infrequently 
throughout the (^i)idemic of influenza, serve to illustrate 
tli(? difficulties whicli may l)e met in attempting to corre- 
late the cliiucal, bacteriologic and pathologic features of 
pneumonia following influenza unless careful bacteriologic 
exaiiiinatioiis are made both during life and at the necropsy 
tabic ill the same group of cases. 
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(2) There were 11 cases of lobar pneumonia with puru- 
lent bronchitis in the group studied. Clinically, they 
closely resembled the cases in the preceding group except 
in so far as the picture was modified by the presence of the 
purulent bronchitis. All directly followed influenza. The 
sputum, instead of being rusty and tenacious, was profuse 
and mucopurulent, usually streaked with blood. Stained 
films and direct culture on blood agar plates showed pneu- 
mococci in abundance and B. influenzae in varj'ing numbers, 
in only two instances the predominant organism. The 
physical signs were those of lobar pneumonia with, in addi- 
tion, those of a diffuse bronchitis as manifested bv medium 
and coarse moist rales throughout both chests. Five cases 
recovered by crisis ; 6 terminated fatally and in all of them 
the clinical diagnosis of lobar pneumonia with purulent 
bronchitis was confirmed at necropsy. 

(3) Forty-seven cases in the group -studied presented the 
clinical picture of bronchopneumonia. The onset of pneu- 
monia in these cases was in most instances insidious and 
appeared to occur as a continuation of the preceding in- 
fluenza. The temperature, instead of falling to normal 
after from three to four days, remained elevated or rose 
higher, the respiratory rate began to rise, a moderate cya- 
nosis appeared, the cough increased, and the sputmu 
became more profuse, usually being mucopurulent and 
blood streaked, sometimes mucoid with fresh blood. The 
pulse showed little change at fii-st, being only moderately 
accelerated. Pleural pain, so characteristic of the onset of 
lobar pnemnonia, was rarely complained of, but a certain 
amount of substernal pain was common, probably due to 
the severe tracheobronchitis. Physical examination at this 
time revealed small areas showing relative dullness, di- 
minished or nearly absent breath sounds, and fine crepitant 
rales. These areas usually appeared first posteriorly over 
t\w lower lobes. 
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The subsequent course of the disease sliowed the widest 
variation from mild cases with limited pulmonary involve- 
ment going on to prompt recovery in four or five days with 
defervescence by Ij^sis or crisis to those presenting the pic- 
ture of a rapidly progressive and coalescing pneumonia 
with fatal outcome. In the milder cases tlie diagnosis of 
pneumonia depended in considerable part upon the general 
symptoms of continued fever, increased respiratory rate, 
and slight cyanosis. Definite pulmonary signs were always 
present if carefully looked for, though sometimes not out- 
spoken. Areas of bronchial breathing and bronchophony 
often appeared late, sometimes not until the patient was 
apparently recovering. In tlie severe cases cyanosis be- 
came intense and an extreme toxemia dominated the pic- 
ture. In certain of these casea there was an intense pul- 
monary edema. The respiratory rate showed wide varia- 
tion, the breathing in some cases being rapid and gasping, 
in others comparatively quiet. Progressive involvement 
of the lungs occurred with the development of marked dul- 
ness, loud bronchial breathing and bronchophony. Abun- 
dant medium and coarse moist rales w(»re heard throughout 
the chest, probably due in considerable part to the exten- 
sive bronchitis almost universally present. An active de- 
lirium was not uncommon. Signs of pleural involvement, 
even in the most severe and extensive cases, rarely occurred, 
except in those cases in which a hemolytic streptococcus 
infection supervened. 

Of the 47 cases in this group, 29 recovered ; 14 by crisis, 
15 by lysis. The average duration of illness from the onset 
of influenza until recovery from the pneumonia was ten 
days, the majority of these cases being relatively mild in 
character with pneumonia of three to six days' duration. 
Empyema with ultimate recovery occurred in 1 of these 
cases, Pneumococcus Type 11 being the causative organism. 

There were 18 fatal cases in the ^roup. Nine of these 
are summarized in Table XVI as illustrative of tlie fre- 
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qiiontly complex character of bronchopiieumonia following 
influenza and because of the interest attaching to the bac- 
teriologic examinations made during life and at necropsy. 
Case 70 is a typical instance of the rapidly progressive 
type of confluent lobular pneumonia with extensive puru- 
lent bronchitis, intense cyanosis, and appearance of suf- 
focation, witli which pneumococci, in this case Pneumococ- 
cus IV, and B. influenza? are commonly associated. Case 59 
is illustrative of the small group of bronchopneumonias 
following influenza which die, often unexpectedly, after a 
long drawTi out course, in this instance three weeks after 
onset. Examination of the sputum at the time the pneu- 
monia began, showed Pneumococcus Type IV and B. in- 
fluenzae. At necropsy there was a lobular pneumonia with 
clustered small abscesses, probably due to a superimposed 
infection witli S. aureus. There was a well-developed bron- 
chiectasis in the left lower lobe. Cultures taken at autopsy 
sliowed a sterile heart's blood, which is not infrequently 
the case in cases of pneumococcus lobular pneumonia after 
influenza. Cultures from the consolidated portions of the 
lung showed no growth, the pneumococcus having disap- 
peared as might be expecte<l from the duration of the case. 
B. influenza? together with staphylococci were found in the 
bronchi. In Cases 50 and 56 a second attack of pneumonia 
caused l>y a different type of pneumococcus from that re- 
sponsil)le for the first attack occurred, the second attack in 
l)otli instances being due to contact infection with Pneumo- 
coccus Ty])e n from a patient in a neighboring bed suffer- 
ing with Pneumococcus Type II pneumonia. Both cases 
showed at necropsy the tyi)e of confluent lobular pneumonia 
so commonly found in pneumococcus pneumonias following 
influenza. Case 107 illustrates well the extent to which 
mixed infections may occur, especially when cases are 
treated in crowded hospital wards. The sputum at time 
of onset showed Pneumococcus IV in abundance and a few 
staphylococci. At necropsy there was a confluent lobular 
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pnoumonia with clustered abscesses, purulent bronchitis, 
and bronchiectasis in the left lower lobe. The heart's 
l)lood was sterile, the lunp:s showed Pneumococcus Type III 
and staphylococci. B. influenzae was not found, but through 
oversight no cultures were taken from the bronchi. Cases 
92, 99, 102, and 104 are all examples of superimposed hemo- 
lytic streptococcus infection occurring in the presence of a 
Pneumococcus Type IV pneumonia, with the picture of in- 
t(»rstitial suppuration, abscess formation, and empyema 
due to S. hemolyticus on the background of a pneumococcus 
lol)ular pneumonia found at necropsy. All showed abun- 
dant pneumococci and B. influenzae in the sputum and were 
free from hemolytic streptococci at time of onset of pneu- 
monia, except Case 92 which showed 2 colonies of S. hemo- 
lyticus in the first sputum culture made. At time of death 
the pneumococci had disappeared in all cases and were re- 
I)laced by hemolytic streptococci. 

The cases cited in the preceding paragraph are illustra- 
tive examples from a series of over 250 necropsies which 
are described in another section of this report. They sei^^^e 
to indicate clearly the extent to which mixed and superim- 
posed inf(»ctions of the lungs may occur in pneumonia 
following influenza and leave little doubt that a considerable 
proportion of the deaths from influenzal pneumonia are 
due to this circumstance. 

Hemolytic Streptococcus Pneumonia Following Influenza 

But 4 cases of hemolytic streptococcus pneumonia di- 
rectly following influenza without an intervening pneumo- 
coccus infection of the lungs occurred in the group of cases 
stndifMl clinically. Superimposed infection with S. hemo- 
lyticus, however, occurred not infrequently during the 
course* of pneumococcus pneumonia following influenza, as 
has been stated above. This occurred 3 times in lobar 
])n<nnnonia and 10 times in bronchopneumonia, Avith fatal 
outcome in all but 1 case. 
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Bacteriology. — ^Bacteriologic examination of the sputum 
in the 4 cases of streptococcus pneumonia directly follow- 
ing influenza showed S. hemolyticus present in abundance. 
B. influenzae was also present in large numbers in 3 cases, 
but was not found in the fourth. In 1 case a Gram-nega- 
tive micrococcus resembling M. catarrhalis was also pres- 
ent in large numbers in the sputum. Pneumococci were 
not found either by direct culture on blood agar plates or 
by inoculation of the sputum intraperitoneally in white 
mice. 

In the 13 cases of superimposed hemolytic streptococcus 
infection occurring during the course of pneumococcus 
pneumonia, bacteriologic examination of the sputum by di- 
rect culture and by mouse inoculation shortly after onset 
of the pneumonia showed Pneumococci (atypical II once, 
Type III once, Group IV eleven times) B. influenzae 
present in large numbers, and no hemolytic streptococci ex- 
cept in 4 instances in which a very few organisms were pres- 
ent. Subsequent invasion of the lower respiratory tract by 
S. hemolyticus was shown to occur by means of cultures of 
empyema fluids or by cultures made at necropsy. 

Clinical Features. — The 4 cases of hemolytic streptococ- 
cus pneumonia following influenza that occurred in this 
series resembled in all respects the secondary streptococcus 
pneumonias of the winter and spring of 1918 and presented 
no features requiring special comment. The onset re- 
sembled that of pneumococcus bronchopneumonia, the 
disease appearing to develop as a continuation of the pre- 
ceding influenza. The sputum was profuse and muco- 
purulent in 3 cases, mucoid and bloody in the other. Two 
cases ran a severe and rapid course with the development 
of empyema early in the disease and fatal outcome. The 
other 2 cases ran only moderately severe courses without 
developing empyema and recovered by lysis in twenty and 
fifteen days, respectively, after the onset of influenza. 
Clinical diflFerentiation l)etween streptococcus and pneumo- 
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COCCUS bronchopiuHimonia follou-m? influenza did not seem 
possible without barterioloirie examination of the spatnm 
except in tlios*^ ra.-es of the streptoci»ccus group which de- 
veloped an extensive pleural effusion early in the disease, 

The advent of superiniposeil hf^mohtic streptococcus in- 
fection of the lower respiratory tract tlurins: the course of 
pneuinococcus pn*^unionia foUowinir influenza presented no 
clinical features that made diasrnosis certain without bac- 
teriolosric examination. The suddtm occurrence of a pleu- 
ral exudate durinir the course of the disease seemed of par- 
ticular significan<*e, especially since empyema in the bron- 
chopneumonias followinir influenza was exceedingly rare 
in the absence of liemolytic streptococcus infection. Other 
suggestive symptoms were a chill during the course of the 
disease, a sudden turn for the worse in ca^es apparently 
ih>inir well, or the development of a cherry reil cyanosis. 
Xone of these features, however, was sufficientlv constant 
or distinctive of streptix^ixvus invasion to be depended upon 
and wlien tliev occurretl, were nierelv indications for fur- 
ther bacteriologic examination. 

Bacillus Influenzae Pneumonia Following Inflaenza 

Bacteriologic evidence that cases of pneumonia following 
influenza miirht be due to B. influenzie alone was verv 
meager in tlie group of cases studied clinically at Camp 
Pike: in fact, no convincing evidence was obtained that 
sueh cases occurred. In one case B. influenzje alone was 
found in the sputum coughtMl from the deeper air passages, 
and in another case B. influenza* with a few colonies of S. 
viridaiis wa.- fnuibl. Both wore cases of bronchopneu- 
monia, iiiiM in rliaracter, and recovered promptly. They 
presented nn c-linical fcatun^s by whirh they could be dis- 
tiiiLrui>h»'<l fmiii ras»'s *»!' ])iieiunococi-us bronchopneumonia. 

It lias been ]troviously stated tliat 1?. influenzie was found 
in ;ill «-arly nii<*<uii[»lirateil eases of influenza somewhere 
in tli»' r«'>i»irat«)ry traet: that it was present together with 
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other organisms, notably pnenmococeus in the sputum from 
cases of purulent bronchitis following influenza; and that 
it was found in the sputum coughed from the lung in ap- 
proximately 80 per cent of cases of pneumonia compli- 
cating influenza. In 35 cases it was very abundant, often 
being the predominating organism. In all these cases, 
how^ever, pneumococci or hemolytic streptococci w^ere also 
present in considerable numbers at the time of on-set of the 
pneumonia. It is impossible to say merely from the clin- 
ical and bacteriologic data under consi<leration what part 
B. influenza? played in the development of the actual pneu- 
monia in these cases. Discussion of tliis subject is there- 
fore reserved for the section of this report dealing witli the 
pathology and bacteriology of pneumonia following in- 
fluenza. 

Summary 

Influenza as observed at Camp Pike presented itself 
as a highly contagious infectious disease, the principal 
clinical manifestations of which w^ere, sudden onset with 
high fever, profound prostration with severe aching pains 
in the head, back and extremities, erythema of the face, 
neck and upper chest with injection of the conjunctivae, 
and a rapidly progressive attack upon the mucous mem- 
branes of the respiratory tract as evidenced by coryza, 
pharjTigitis, tracheitis and bronchitis with their accom- 
panying symptoms. In the majority of cases it ran a short 
self-limited course, rarely of more than four days' dura- 
tion, and \vas never fatal in the absence of a complicating 
pneumonia. 

Bacteriologic examination in early uncomplicated cases 
of the disease showed the B. influenzae of Pfeiffer to be 
present in all cases, often in predominating numbers. It 
was found more abundantly present during the acute stage 
of the disease than during convalescence in uncomplicated 
cases. No other organisms of significance were encountered 
J)y the methods employed. 
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Piiruh'iit lironcliiti.s of varyina: extent develope<l in ap- 
l»ruxiinat<'ly 3.j pc-r cf-nt of tlie casps and often prolonged 
tlu* c<»ursc of the illnoss to a considerable extent. Bacte- 
riolo^ic studies sIiowcmI that it was invariably associated 
with a mixed infection of the bronchi with B. influenzae and 
otlier l)acteria, in most instances the pneumococcus, and in- 
dicated that it should be regarded as a complication rather 
tlian as an essential part of influenza. Its clinical features 
consisted of a mild febrile reaction, frequent cough with 
the raising of considerable amounts of purulent sputum, 
and tlie physical signs of a more or less diffuse bronchitis, 
It led to a varying degree of bronchiectasis in at least some 
instances. 

Pneimionia complicating influenza presented a very di- 
versified picture and appeared to have only one constant 
cliaracter, namely, that influenza was the predisposing 
cause. It may Jx* best classifie<l on an etiologic basis since 
the clinical features to some extent and the pathology to a 
much greater extent depended upon the infecting bacteria 
in a given case. 

Bacteriologic examination showed that a very large pro- 
portion of the cases was <lue to infection with the different 
imnumologic tyjx^s of i)neumococci or to a mixed infection 
with B. infhionzjv and pneumococci. The types of pneumo- 
cocci commonly found in normal moutlis, namely, II atypi- 
cal, III, and IV, comprised approximately 88 per cent of 
lli(»se, tlie hi.irlily parasitic rniuiinococci Types I and II, 
but 12 per cent. A small number of cases were due to 
hemolytic streptmnuvi or to iuixihI infection with B. influ- 
iMiza' rnul S. 1mmiu»1\ ticus. No certain evidence was obtained 
tlint pm^umonia was d\w to I>. inlluen/.a^ ahuie. This or- 
iTjUjisni was prr^ont in \ai*\irm' nmiil»ors, however, in 
jnM»roximatrl\ SO prr ro!it o[ ilu^ sputunis examineil, and 
^< prenis t'airlx i-rrtain that it must have played at least 
4i nfirt in tlio WexrlopnuMit o[ ilu* pm'innonia in many of 
krM- runes in wImi-Ii il was unuul. SuptM*ininosed infwtions 
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with other typos of pneumococci than those primarily re- 
sponsible for the development of pneumonia, with hemo- 
lytic streptococci and with Staphylococcus aureus occurred 
frequently in cases of pncuniococcus or mixed pneumococcus 
and B. influenzae pneumonia and undoubtedly contributed to 
a considerable extent in increasing the number of deaths. 

Three clinical types of pneumococcus pneumonia follow- 
ing influenza occurred: lobar pneumonia, lobar pneumonia 
with purulent bronchitis, and bronchopneumonia. Lobar 
pneumonia was usually sudden in onset and ran the char- 
acteristic course of the primary disease. Lobar pneumonia 
with purulent bronchitis similarly ran the characteristic 
course of the primary disease but presented the unusual 
picture of lol)ar pneumonia with mucopurulent rather than 
rusty, tenacious sputum and numerous moist rales through- 
out the unconsolidated portions of the lungs. The cases 
of bronchopneumonia ran a very variable course from mild 
cases of a few days ' duration and meager signs of consoli- 
dation to rapidly progressive cases with signs of extensive 
pulmonary involvement. Purulent bronchitis was very 
frequently associated with bronchopneumonia. 

Hemolytic streptococcus pneumonia following influenza 
presented the clinical picture of bronchopneumonia and was 
not readily distinguished on clinical grounds from pneu- 
mococcus bronchopneumonia except in those cases which 
developed a pleural exudate early in the disease. The ad- 
vent of tertiary infection of the lower respiratory tract with 
hemolytic streptococci in cases of secondary pneumococcus 
pneumonia presented no symptoms sufficiently constant or 
certain to make clinical diagnosis easy. The development 
of empyema in pneumococcus bronchopneumonia usually 
meant streptococcus infection. 

Pure B. influenza? pneumonia, if such cases existed, pre- 
sented no diagnostic features by which it could be distin- 
guished from pneumococcus bronchopneumonia following 
influenza. It was impossible to determine on clinical and 



TO I'>'ErMC>yiAh ANI* lXn:,('TI<•X^ 01 nEjaPHIATOKT TEACT 

l)a«'tpriol(iiric irT'(»niidf^ al(»ii*' vhai parr tlie prevaleBt in- 
fliu'uza liarilli ]»lHyf*d ii; tiif (raiisatioii of the actual pnen- 
Hioula. 

TOBcnftsinp 

That wide variation? in ilif (•(au^eptioii of influenza have 
ari8«^ij duriujr the i-eceiil ]iai)d<*ii:ic. even a liarfy review of 
t}i«- litpj-ature makes clear. In iif f^sseiiee Ihi? divercence 
of (ipiiiioii (s«-*^ms l(» de]»*'ud "qjk»ij TrLetber pnenmoiiia is 
considered au <^*sseiJiia] pail (tf iiiflDeiiza or a <*omplica- 
lioii due <^jth<^r t(» thf- jtrimary cause of influenza or to 
s(:H'.oijdary ii\ ff^oVnm. Thie f-xtreiue if^ <-xpres>ed by Dnnn' 
who Kays *'tLe w^-callf^j c(»iij]>lic»^Tion i? the disease/' the 
other by Fantup:* who finds inflnenza a relatively mild 
dis<-*aw:» witjj i»neuTnoijia a rt-latiTely infrequent and larerely 
preventable conj] Jication. 

A ffiinilar divercrence (»f rijtinion prevails with respect to 
Xhf' l>ar'tc-rioloirv of influenza. Th^^re is fairlv sreneral 
ajrre<^njwjt tljat the ni^-nibers of the pneuniocoecus and 
KtreptrK'or-cuf? irroui»s and to a less extent other orjraiiisms 
arc n^Kponsjbb- for a larjre ]»ro]"K»rtion of the secondary 
pueurnojiiaF?. and but few observers hold that they possess 
any etiolo^ic relationship to influenza. Xo such nnifomi- 
ity of opinion exists. Ijowever, with res]x*ct to the relation 
of Ii. influenza* to influenza and t<» the ooniplicatinp pneu- 
monia. By some it is considered the primary cause of 
influenza, bv otliers it is regarded as a secondarv invader 
rcsponsilile for a certain proportion of the secondary 
[ineiinionias, anil by still others it is not considered to bear 
any relation either to influenza or its complications. 

A linii<c*d numb<*r of n*ferenc<»s to the extensive litera- 
<ure of the reccMjl i)and(*mic will amply serve to illustrate 
llie various [loints of view that hav<' developed. 

Ke(»o;an'' re^rards i)neumonia as a complication and con- 
siders thai l>. infhu'nzas tin* probable cause of influenza, is 

M»imri- J.,-ir. Am. \f • .1. A-sfi., l';l«. Ixxi. 2128. 
'I. II. Ill- |..ur Am M.il. A«.-ii.. I'MS, hvi. 17.^r. 
'Ki-K-'"- J""r. Am. Me<|. Asmi.. 1'M8, Ixxi, l'-5l. 
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the primary cause of the pneumonia which may or may not 
be still further complicated by pneumococcus or streptococ- 
cus infection as a terminal event. Christian® states that 
epidemic influenza causes a clinically demonstrable bron- 
chitis and bronchopneumonia in the larger proportion of 
cases, and lays particular emphasis upon the fact that it 
is quite incorrect to consider fatalities in the epidemic as 
due to influenza uncomplicated by bronchopneumonia. 
Blanton and Irons^ speak of influenza as an ** antecedent 
respiratory infection" of undetermined etiology, and be- 
lieve that pneumonia when it occurs is due to autogenous 
infection by a variety of secondary invaders, principally 
of the pneumococcus and streptococcus groups. Hall, 
Stone, and Simpson* regard pneumonia strictly as a com- 
plication and quite distinct from influenza itself. Synnott 
and Clark° believe that the infection is characterized by a 
progressive intense exudative inflammation of the respira- 
tory tract often terminating in an aspiration pneumonia 
with a variety of conditions found at autopsy and a mul- 
tiplicity of secondary organisms responsible for the fatal 
termination. B. influenzae was usually found but always 
with other organisms. Friedlander and his collaborators^® 
speak of a fulminating fatal type of influenza with acute 
inflammatory pulmonary edema, but regard true broncho- 
pneumonia as secondary, due to infection with pneumococ- 
cus or S. hemolyticus. B. influenzae was not found more 
frequently than under normal conditions. Brem" and his 
collaborators present a clear cut clinical picture both of 
influenza and the secondary pneumonia to which it predis- 
poses, regarding the latter as definitely due to secondary 
infection with pneumococcus, streptococcus or B. influenzae, 
the virus of influenza being unknowTi. Ely^^ and his col- 

*Christian: Jour. Am. Med. Assn., 1918, Ixxi, 1565. 

'Rlanton and Irons: Jour. Am. Med. Assn., 1918, Ixxi. 1988. 

"Hall, Stone and Simpson., Jour. Am. Med. Assn., 1918, Ixxi, 1986. 

•Svnnott and Clark: Jour. Am. Med. Assn., 1918, Ixxi, 1816, 

*"l^nedlander, McCord, Sladen and Wheeler: Jour. Am. Med. Assn., 1918, Ixxi, 1652. 

"Brcm, Boiling and Casper: Jour. Am. Med., Assn., 1918, Ixxi, 2138. 

>'Ely, Lloyd, Hitchcock, and Nickson: Jour. Am. Med. Assn., 1919, Ixxii, 24. 
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lal)orators make no ilistinction l)etween influenza and pneu- 
monia, and apparently consider the epidemic due to a hemo- 
lytic streptococcus of indefinite and inconstant characters. 
The Camp Lewis Pneumonia Unit" states **the process 
[influenza], wlietlier mild or severe, is etiologically and 
pathologically the same: * * */' B. influenzse was not 
found. In a report of The American Public Health Asso- 
ciation'* it is stated that deaths resulting from influenza 
are commonly due to pneumonias resulting from an in- 
vasion of the lungs by one or more forms of streptococci, 
by one or more forms of pneumwocci, or by the so-called 
influenza bacillus. This invasion is apparently secondary 
to the initial attack. AVolbach" found B. influenza? in a 
high proportion of cases, not infrequently in pure culture 
in the lung, and believes that there is a true influenzal pneu- 
monia whether B. influenza^ is the cause of the primary dis- 
ease or not. Spooner, Scott and Heath'® isolated B, in- 
fluenza^ in a high percentage of cases and consider it 
reasonalde to suppose that it was* the prime factor in the 
<»pidemic. Kinsella'" fouinl B. influenzae infrequently and 
r(»gards it as a secondary invader. ^lacCallum" regards 
B. influenza^ as a secondai*A' invader and J)elieves that it is 
r(»sponsible for a form of punilent l)roncliitis and broncho- 
pneumonia following certain cases of influenza. Pritchett 
and Stillman'^ fimnd B. influenza* in 93 per cent of cases of 
infhienza and bronchopneumonia. Hirseh and McKinney-" 
state that B. influenza* i)layed no role in the epidemic at 
Canij) ( J rant and appan^ntly consider it due to a specially 
virulent ])n(»uinococcus. 

Xo further references to the (»xt(^nsive literature of the 
rc^ecnt paiidemic seem necessary, since those cited above 
serve* to illustrate the various points of view that exist. 

"C.'iniji I.rwis rntMimonia rnit: Jour. Am. Med. Assn., 1919, Ixxii, 268. 

'M'.ur. Am. M«(l. Assn., 191«, Ixxi, 2068. 

»'"\Vr)ll.iuh: r.ull. Johns Hopkins Hosp.. 1919, xxx, 104. 

*"Spo(imr, S(ott aiul ll<'ath: Jotir. Am. Med. As.«!n., 1919, Ixxii, 155. 

'•Kinsrlla: Jour. Am. Me«l. Assn.. 1919. Ixxii, 717. 

'•^MarC'.illum: Jour. Am. Med. Assn.. 1019, Ixxii. 720. 

^''I'riti'lu-tt and Stillman: Jour. Kxi»er. Med., 1919, xxix, 259. 

="Hii>cli and MeKinmy: Jour. Am. MeJ. Assn., 1918. Ixxi, 1735. 
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A similar diversity of opinion may be found in the reports 
from foreign sources. 

It would appear that much of the diverg(mee of opinion 
that has been formed has depended to a considerable ex- 
tent upon the conditions under which cases have been ob- 
served. This is clearly l)rouglit out by contrasting the 
experience of Fantus* dj^aling with private cases in civilian 
practice, where pneumonia was relatively uncommon, with 
that of others dealing only with cases in large hospitals, 
where those admitted have been in large part selected se- 
riously ill patients with a high incidence of pneumonia, the 
milder cases comprising from 60 to 90 per cent of those 
attacked by influenza never reaching the hospital. Varia- 
tions in opinion with respect to the bacteriology of the 
epidemic, especially in regard to B. influenzae, would appear 
to be due for the most part to diflferences in bacteriologic 
technic, in some degree to diflferences in interpretation. 
Accumulating evidence can leave little doubt that B. in- 
fluenzae was at least extraordinarily and universally preva- 
lent throughout the period of the epidemic and thereafter, 
and that earlier reports of failure to find it were due to the 
use of methods unsuitable for its detection and isolation. 

The opportunity afforded the commission at Camp Pike 
to devote their full time to a systematic and correlated 
group study of the epidemic simultaneously from many 
aspects throughout its whole course made it apparent that 
influenza per se is in the large majority of instances, in 
spite of the initial picture of profound prostration, a rela- 
tively mild disease which tends to rapid spontaneous re- 
cover>\ This opinion is supported by the fact that the 
disease during the first waves of the epidemic in this coun- 
try, which it is now recognized occurred pretty generally 
in the army camps during the spring of 1918, was so mild 
that it attracted only passing attention, since the disease 
at that time was not sufficiently virulent to predispose to 
any alarming amount of pneumonia. AVith the return of 
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tlio opidomic in the late summer and early fall, however, 
the disease had attaine<l such a high degree of virulence 
tliat it predisposed to an appalling amount of severe and 
often rapidly fatal pneumonia, which often detracted at- 
tention from the real nature of the preceding disease. 
Yet even during the fall epidemic from 60 to 90 per cent 
of the cases of influenza proceeded to rapid recovery with- 
out developing complications. On this ground alone it 
would seem cmly logical to reganl pneumonia strictly as a 
complication of influenza rather than as an essential part 
of the disease, irrespective of whether the pneumonia may 
be caused by the primary cause of influenza or not. The 
complexity of the clinical features, the bacteriology and 
pathology of the pneumonias following influenza lend fur- 
ther support to this opinion. 

It seems better, therefore*, to consider influenza first as 
a disease by itself and sul)sequently to take up the question 
of pn(»umonia and the reflation of influenza to it. 

The most striking clinical features of influenza are its 
ei)idemic character, its inv()lv(»ment of the respiratorj' 
tract, its extrenu^ly prostrating effect, and the often sur- 
prising rapidity with which the individual cures himself. 
These f(»atures strongly suggest that the etiologic agent of 
the dis(»as(» is an organism subject to rapid changes in vir- 
ulence; that it is confined to the respiratory tract where it 
produces a superficial inflammatory reaction giving rise to 
th(» characlerisli<' symptoms of coryza, pharyngitis and 
tracheitis; that it elaborates a poison, possibly a true toxin, 
readily absorbed by th(» lyni})hatics, the effect of which is 
manifested in the i)roroiiii(l i)rostration, severe aching 
pains, erythema, and h'ueo])enia: and that it may either 
(lisa])])ear i)roin})tly from the respiratory mucous mem- 
bi'aiK* at time oC recovery or may persist, leading a rela- 
tively saprophytic existence for an indefinite period of 
time, being no longer harmful to the individual, at least 
more than locally, beeause of an aecjuired imnnmitv. Fur- 
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thermore, in our opinion, the very brief incubation period 
suggests that the disease is l)acterial in origin, rather than 
that it is analogous to the (exanthemata, the majority of 
which present a comparatively long, fairly constant, incu- 
l)ation period. 

B. influenzje has characteristics in accord with the clinical 
features of influenza. It is an organism of very labile viru- 
lence ; it is always present in our experience on the mucous 
membranes of the respiratory tract in early uncomplicated 
cases of influenza, often in overwhelming numbers; in only 
very exceptional instances, in adults at least, does it invade 
the body producing a general infection, as the numerous 
reports of negative blood cultures testify ; recent investiga- 
tions by Parker^* and others indicate that it is capal)le of 
producing a toxin quickly fatal for rabbits; it is predomi- 
nantly present in the respiratory tract during the active 
stage of the disease and disappears in a considerable pro- 
portion of cases at time of i-ecovery, while in others, more 
particularly those that develop an extensive secondary 
bronchitis and bronchiectasis it may persist for an in- 
definite period of time. 

It is, of course, fully appreciated that the foregoing is 
in the main merely argumentative reasoning and it is put 
forth only to suggest that B. influenza^ merits a much closer 
.scrutiny with respect to its etiologic relationship to influ- 
enza than the trend of present opinion has awarded it. 

Although there remains some difference of opinion as to 
the relation of influenza to i)neumonia, the majority of ob- 
servers concur in regarding pneumonia as a complication 
and this would seem to be the oidy logical int(»rpretation of 
the facts available. The same may l)e said with respect to 
purulent bronchitis and bronchiectasis. It is of consider- 
able significance in this connection that pneumonia follow- 
ing influenza presents no uniform clinical picture, no uni- 
form bacteriology and no uniform pathology. Whether the 

=*Parker: Jour. Am. Med. Assn., 1919, Ixxii, 476. 
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pn-disposition of patients vith influenza to contract pneu- 
monia is prejionrlfrantly due to lowering of general resist- 
niu'o to infection by the extremely prostrating effect of the 
disease* and the inhibition of leucocytic defense, or to a de- 
struction of local resistance against bacterial invasion by 
reason of jn-ofound injury to tlie bronchial mucosa, or to a 
conil)ination of both factors, is difficidt to sav. It seems 
most prol)al)h' that Imth are concerned. At any rate it 
seems clear that in tlie ])rescnce of influenza a considerable 
variety of organisms which un<ler ordinary conditions do 
not fin<l lodgement in the lungs are al»le to gain access to 
the lower resj)iratory tract and produce pneumonia. 



CHAPTER III 

SECONDARY INFECTION IN THE WARD TREAT- 
MENT OF INFLUENZA AND PNEUMONIA 

Eugene L. Opie, M.D. ; Francis G. Blake, M.D. ; James C. 
Small, M.D. ; and Thomas M. Rivers, M.D. 

One of the most pressing problems that presented itself 
in the care of influenza and pneumonia patients in the army 
cantonments during the recent epidemic was the danger of 
secondar)^ contact infection because of the overcrowding of 
the base hospitals, nearly all of which were taxed far be- 
yond the limits of their capacity. That this danger was 
very real was fully demonstrated by certain studies in ward 
infection that this commission was able to make at Camp 
Pike\ It is the purpose of the present section of the re- 
port to present these studies and to discuss the means 
whereby this danger may be most successfully met. 

It is perhaps well, first to define exactly what is meant 
by secondary contact infection in influenza and pneumonia. 
In our experience at Camp Pike it w^as found that a very 
large percentage of the pneumonias following influenza 
were accompanied by secondary infection with pneumococ- 
cus, some few being caused by hemolytic streptococcus. 
The types of pneumococcus encountered were almost en- 
tirely those that arc found normally in the mouths of 
healthy men, approximately 85 per cent being Types II 
atypical, III, and IV. It has been generally accepted that 
infection with these types of pneumococci is usually autog- 
enous — that is, that under the proper conditions of low- 
ered resistance an individual becomes infected with the 
pneumococcus that he carries in his own mouth. Many ob- 

>Opie, Freeman, Blake, Small and Rivers: Jour. Am. Med. Assn., 1919, Ixxii, 556. 
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scrvalioiis made during tlio course of the present work 
have sugirested that this is i)r()hahly not so in many in- 
stances and that the influenza ])ati(Mit may not be so much 
in (hin,<i:(M- from the i)n(»uni()coccus that he normally carries 
in his own month as h(» is from that carried by his neighbor, 
in other words, he is in dan<i:er from contact inflation. The 
same considerations hold tru(^ with resp(»ct to hemolytic 
st rei)tococcus infection. Secondary contact infection in 
cases ot* already existinu: jnu^nmonia following influenza 
were found to occur fr(»quently. Thesi* w(*re for the most 
l)art caus(nl by hemolytic streptococcus infection superim- 
posed upon a pneumococcus ])neumonia. Many instances 
of (h)ubh» i)neumoco(*cus infection, how(»v(»r, either coinci- 
dent with oi' foUowing one anothi^r were encountered. 

Secondary Infection with S. Hemolyticus in Pneumonia 

Tneumonia caus(»d by stn»i)tococci was repeatedly ob- 
served' (hirinir the ])andemic of inthn^iza which occurred in 
ISvS!) !)(). With clearer reeoirnition of the charact<»rs which 
ilistinu'uish varieties of strei>tococci sev(»ral observers have 
shown tliat seron^hiry infection with hemolytic streptococci 
nia\ occur dnrinu" the course of ])neumonia and thcm^h deli- 
nile evidence has been hu'kintr have sui»:ii:<»sted that it may 
he aeiiuired within Intspital wards. That a similar second- 
;ir\ infection wiili S. hemolyticus in pneumococcus pneu- 
iihuiia^ folh»winu- inthienza oecurriMJ not infrequently at 
(';inip \'\kr duriim' the epidemic wa> slnnvn l)y bacteriolo<i:ie 
sMulii's inaih' ihiriim' life and at autopsy in a considerable 
.vrr'u's of rasrx. hnriuu' the eaily days of the epidemic of 
iiilhhMi.'.a, '-ecouilaix si ^eptl^coccu^ infection was almost 
ciiiiiel\ hiuiied to ceriain wanN whii-h wen* opened for 
thr caie of tile i^ipidlv increa>inL:' number of patients 
Willi pih'iimonia. ibnini: this period these wards were 
e\ (Mcii»\\ded, oi'ua ni.'al it>!i wa> iiu-»Mnplete, and the op- 
|M»ilnnilie^ for liau'-rrr el' infeciio!'. from i)atient to i)a- 
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liont wore almost unlimited. The spread of streptoeocciis 
contagion and its fatal effect may be clearly bronglit out 
by comparison of these wards with wards that had long 
been organized for the care of patients with pneumonia. 

AVard 3 had been in use for the care of patients with 
pneumonia for some time prior to the outbreak of influenza. 
It was provided with sheet cubicles and conducted by medi- 
cal officers, nurses and enlisted men accustomed to the care 
of patients with pneumonia, ordinary precautions being 
taken against transfer of infection from one patient to an- 
other. The data in Table XVI I show the average number 
of patients in the ward, the number of ik^w cases of pneu- 
monia admitted, and the number of deaths among patients 
admitted during the corresponding period, for three periods 
of ten days each from September 6 to October 5. The 
types of infection in fatal cases as d(»termined by cultures 
taken at autopsy are also shown. 
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During the period from September 6 to 15, just prior to 
the outbreak of influenza in e})idemic proportions, th(? ward 
had an average [)opulation of 18.6 patients. The total 
number of new patients admitted was 11, of whom 3 die<l, 
a mortality of 27.2 i)er cent. All these cases were yjneu- 
mococcus pneumonias as determined by ))acteriologic ex- 
amination of the sputum at time of admission. The 3 fatal 
cases showed pneumococcus infection at autopsy. During 
the second period, from September 16 to 25, with the out- 
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break of the epidemic of influenza, the ward rapidly filled 
with new cases of pneumonia, attaining an average popula- 
tion of 46.1 patients. Of the 52 new eases admitted 16 
died, a mortality of 30.7 per cent. Again all the cases ad- 
mitted during this period in wliich bacteriologic examina- 
tion of th(» sputum was made, were found to be pneumococ- 
cus pneumonias witli one exception. This case, admitted 
on September 21 and dying two days later, had a hemolytic 
streptococcus pneumonia. Fortunately, though quite by ac- 
cident, he was placed in a be<l at one end of the porch and 
no transmission of streptococcus infection to other cases 
in the ward took place. At autopsy 13 cases showed pneu- 
mococcus infection; the foregoing case, hemolytic strepto- 
coccus. During th(» third period from September 26 to 
October 5 the ward became even more crowded, having an 
average of 58.6 patients ; 23 new cases were admitted, 8 of 
whom <lied, a mortality of 34.7 per cent. Autopsy showed 
that 5 of these were jiHeumococcus pneumonias and 1 was 
caused by hemolytic streptococcus infection. It is note- 
worthy that the death rate from pneumonia gradually in- 
creas(»d as the ward became more and more crowded. This 
may possibly be attributed in part to the increasing severity 
of the pn(»umonia during the early days of the influenza 
(»l)idemic. That it was in part directly due to secondary 
contact infection with jnieumococcus will be shown when 
the transmission of pneumococcus infection is discussed. 
Tn spites of the overcrowding of the ward the introduction 
of 2 cas(»s of streptococcus pneumonia did not cause an out- 
break of streptococcus infection. "Whether this was due 
to pre(*autions taken against the* transf(»r of infection or 
was uK^rely a matter of good luck is difficult to say, in view 
of tli(» fact that a considerable amount of transfer of pneu- 
mococcus infection from one patient to another did occur. 

AVard S had long been used for the care of colored pa- 
tients with pneumonia. As in Ward 3 cubicles were in use 
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and ordinary precautions against the transfer of infection 
were used. The data are presented in Table XVIII. 



Table XVIII 
Pneumonia in Ward 8 
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During the period from September 6 to 20, prior to the 
outbreak of influenza in epidemic proportions among the 
colored troops, the ward had an average population of 25.5 
patients ; 18 new cases of pneumonia were admitted during 
this period, all of whom were pneumococcus pneumonias 
as determined by bacteriologic examination of the sputum 
at time of admission to the ward. Only 2 died, a mortality 
of 11.1 per cent, autopsy cultures showing pneumococcus 
in both cases. All these patients were treated on the porch 
of the ward while they were acutely sick. During the sec- 
ond period from September 21 to October 5, when the in- 
fluenza epidemic was at its height, the ward rapidly filled 
with active cases of pneumonia and became distinctly 
crowded. It contained an average of 46.1 patients, but 
had actually reached a population of 64 patients at the end 
of the period. Of the 59 new cases admitted, 20 died, a 
mortality of 33.9 per cent, 10 with pneumococcus pneu- 
monia, one with hemolytic str(»ptococcus pneumonia. In 
9 there was no autopsy. The conditions in Ward 8 were 
quite analogous to those in Ward 3. In spite of the over- 
crowding during the second period no outbreak of second- 
ary infection with S. hemolyticus occurred, but secondary 
pneumococcus infection did occur as will be shown below. 
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In contrast with these two wards are Wards 1 and 2 in 
which widespread secondary contact infection with S. 
hemolyticus took i)lace. Ward 2 was opened September 
26, at the l)efj:inning of the period when 20 new wards for 
pneumonia were organized. From September 26 to Octo- 
ber 1 the cubicle system was not in use, the ward w^as 
crowded, organization was imperfect, and few precautions 
were taken to prevent transfer of infection from one pa- 
tient to anotlier. On October 2 the cubicle system was 
installed and precautions against transfer of infection were 
instituted. The data are shown in Table' XIX. 



Table XIX 
Pneumonia in Ward 2 
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During the first three days 40 pati(»nts with pneumonia 
were admittc^d to the ward. Of these 40 pati(»nts, 27 died, 
a mortality of 67.5 per cent. Cultun^s at autopsy showed 
that 23 of these dwd with hemolytic* stn^ptococcus infection, 
none of pneumococcus infection. In tour there was no au- 
topsy. To api)r(»ciat(» the full significance of these figures 
it must be emi)hasized that thes(* patients at time of ad- 
mission to the ward in no wav differed from those admitted 
to Ward 3 during th(» corresi)()nding period and were not 
in any s(mis(» s(»lected cas(»s. T1h» tvn(» of infection in 9 of 
tli(\<e i)ati(Mits had been determined by bacteriologic exanii- 
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nation of the sputum just prior to or immediately after ad- 
mission to the ward before opportunity for secondary con- 
tact infection in this ward had occurred. All 9 were shown 
to have pneumococciis pneumonia free from hemolytic strep- 
tococci at that time. All 9 died, 7 with secondary strepto- 
coccus infection as shown by cultures taken at autopsy, 1 
with a secondarily acquired Pneumococcus Type III infec- 
tion — sputum showed a Pneumococcus Type IV on admis- 
sion — and in 1 there was no autopsy. In view of the fact 
that bacteriologic examination of the sputum in cases of 
pneumonia following influenza had shown that the large 
majority of them were due to pneumococcus infection, it is 
probable that most of the other cases of pneumonia ad- 
mitted to this ward were pneumococcus pneumonias at time 
of admission, and that they acquired the streptococcus in- 
fection after admission. 

During the next three days 17 new patients were admit- 
ted, of whom 6 died, a mortality of 35.3 per cent. Cultures 
at autopsy showed pneumococcus infection in 2, strepto- 
coccus in 2. It is noteworthy that the porch was first put 
into use on September 29. Of the 12 patients admitted on 
this date, 8 were treated throughout the acute stage of their 
illness on the porch. Of these 8 patients but one died, of 
a Pneumococcus Type IV infection and none became in- 
fected with S. hemolvticus. From October 4 to October 6, 
10 patients were admitted, of whom 4 died. Cultures at 
autopsy showed pneumococcus infection in 2, hemolytic 
streptococcus in 1. 

The widespread prevalence of hemolytic streptococcus 
infection in this ward as compared with its almost entire 
absence in Wards 3 and 8 is very striking. Cultures made 
during life and at autopsy have shown clearly that it was 
due to rapid spread of contagion throughout the ward. 
The almost unlimited opportunities for transfer of infection 
from patient to patient, during the first six days the ward 
was in use, undoubtedly greatly facilitated this spread. 
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From the data available it is impossible to state exactly 
when and by which patients hemolytic streptococcus in- 
fection was introduced into the ward, but it must have been 
very early since the death rate was very high from the be- 
ginning, and the first 23 cases coming to autopsy died with 
streptococcus infection. 

Ward 1 was opened on September 24. From that date 
until October 2 no cubicles were in use and few precautions 
were taken against transfer of infection. On October 2 
cubicles were installed and ordinary precautions to prevent 
transfer of infection were instituted. On October 6 the 
ward was closed to further admissions. The data pre- 
sented in Table XX are divided into two periods, ])ecause 
on September 29 and 30, 4 patients with streptococcus pneu- 
monia were admitted to the ward. 



Table XX 
Pneumonia in Ward 1 
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During tlio first period from September 24 to 29 the ward 
contained an average of 35.8 patients, being only mod- 
erately crowded ; 34 cases of pneumonia were admitted, of 
whom 11 died, a mortality of 32.3 per cent. It is note- 
worthy that d(»aths among tliis group which occurred prior 
to Septeml)er 30 w(a*e due to pnenmococcus infection wdth 
one exc(»ption, a patient entering the ward on September 26 
and dying the following day. Of the other 2 patients in 
this grouj) wlio died with himiolytic streptococcus pneu- 
monia, 1 was admitted to the ward on Sei)teniber 25, was 
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shown to be free from S. heinolyticus on September 30, and 
1^. died on October 12 with a secondarily acquired streptococ- 
X- cus pneumonia and empyema; the other was admitted on 

September 29 with streptococcus pneumonia and died the 

following day. 

During the second period from September 30 to October 
5 the ward contained an average of 55.3 patients, being 
very overcrowded; 40 new cases of pneumonia were ad- 
mitted of whom 24 died, a mortality of GO i)er cent. Cul- 
tures taken at autopsy showed that (5 dic^d of i)n(»uniococcus 
pneumonia, 14 with hemolytic streptococcus infection. As 
in Ward 2, patients admitted to this ward W(»re in no way 
selected and were probal)ly, as experience has shown, in 
large part pneumococcus pneumonias at time of admission. 
The widespread dissemination of hemolytic stn^ptococcus 
and its fatal efT(K*t following the introduction of the organ- 
ism on September 29 and 30 is only too (^vident. 

Secondary Infection with Pneumococcus in Pneumonia 

The foregoing studies have shown that hemolytic strep- 
tococcus infection may spread by contagion throughout an 
entire ward with great rapidity. Other observations have 
demonstrat(»d that pneumococcus infection may be trans- 
mitted in the same wav. Onlv three instances of this nature 
will be cited. The first occurred in Ward 3 (Table XXI). 
Between Septemb(»r G and 16 no cases of pneumonia caused 



Table XXI 





Secondary Infection with Pneumococcus 

Type II 






bed occu- 
pied 


admitted 


pneumo- 
coccus IN 
sputum on 
admission 


SECONDARY 


INFECTION 


NAME 


DATE 


FN Ki: MO- 
COCCUS AT 
AUTOPSY 


Pn. Wolfe 
Pvt. PuUam 
Pvt. Swain 


No. 6 
No. 5 
No. 3 


Sept. 17 
Sopt. 9 
Sept. 16 


IV 
IV 
II 


Sl'pt 2:i 
Sept. 24 


II* 
II 



'Isolated by blood culture on Sept. 23. Patient recovered. 
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by l^ii(*uiii()(M)C'ciis Typ<» II had been admitted to the ward. 
On S(»i)t(Mnber IG Pvt. Swain was admitted to the ward and 
pla(M»d in Bod 3. Jiact(»riol()<i:ic examination of his spntum 
showiMl that his ])nenmonia was caused by Pneumoeoceiis 
Type IT. At this tinu* Pvt. PuHam, who had been ad- 
niitt(Ml to the ward on Sept^niber 9 with a pneumocoeciis 
Type* I\^ pn(*unionia, oeeni)i(Ml B(m1 5 separated from Bed 3 
by one intervening^ b(Hl. He had had liis crisis on Septem- 
ber 14 and was doin^ w(»ll, liis t(»mperatiire being normal. 
On September 24 ln» dev(»loped a second attack of pneu- 
monia and died on S(»ptember 30. Cultures at autopsy 
showed l^uMimococcus Type II in heart's blood and lung, 
I^K'umococcns Tyi)e 11 and 15. influenza? in the right bron- 
chus. I*vt. \Volf(» was admitted to the ward with broncho- 
j)n(Mimonia on S('i)temb(»r 17 and j)laced in Bed 6 next to 
Pvt. Pnlhim. Pnenmoeoccus Tyj)e IV and B. influenza* 
were round in his sputum. His temperature had fallen to 
normal by ly^ls on Sept(Mnb(*r 21 and he was doing well. 
Oil Scpl(Mnl)('r 2l\ liis temperature* suddenly rose and he 
(h'V('h)p<Ml a sfcond attack of j)n(Munonia. Pneumococcus 
Tvpc II was isolated bv blood culture on this date. He 
recovered. In both instances Pnt^umococcus Type II was 
ac(|uired alter the admission of a patient with a Pneumo- 
coccus T\ p(* II pneumonia, the o|)portunity for contact in- 
fect ioii haxiuu been favored by the associaticm of these 
pntieiits in adjoiniim beds. 

The secoiul instance is alnh>st identical and occurred on 
the opposite si<h» of Ward ',\ at about the same tune (Table 
NX 11). P\t. I.inehnn was nilniitted on S(»ptember 16 and 
placed in Hed 'Ail Pnennioct»ccus Type T\' was found in 
hi- sputum. Pvt. Thompson wa> admitted the following 
d;i\ with a Pueumocoecu> II atypical pneumonia and pla(*(Kl 
ill l»ed iN. Tin* next da\ Pvt. Smith was admitted and 
placed in Bed 2i\, Pneunu^coceus Tyi^e IT was found in 
Ills sputum, (^n Septembi^r IJ^ Pvt. Thompson recovered 
hv crisis and was doimr well. (>n Sej^tember 21 he had a 
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Table XXII 

Secondary Infection with Pneumococcus 

Type II 





BED orcr- 

PIED 


admitted 


PNEUMO- 
COCCUS 
IN SPUTUM 
ON ADMIS- 
SION 


SECONDARY 


INFECTION 


name 


DATE 


PNEUMO- 
COCCUS 
AT AUTOPSY 


Pvt. Sniitli 
Pvt. 

Thompson 
Pvt. 

Linehan 


No. 26 
No. 28 
No. 30 


Sept. 18 
Sept. 17 
Sept. 16 


II 

Atyp. II 

IV 


Sept. 21 
Sept. 26 


II 
II 
II 



chill, his teinporature rose to 104.4° F. and he developed a 
second attack of pneumonia. Tie died on September 29; 
cultures at autopsy showing Pneumococcus Type II in 
heart's blood and left pleural cavity, Pneumococcus Type 
II and B. influenza* in bronchus and lun^?. Pvt. Linehan 
had begun to improve on September 24 and his temperature 
was falling by lysis. On September 26 he became worse, 
developed signs of pericarditis and died on September 30. 
Cultures from lungs and bronchus at autopsy showed Pneu- 
mococcus Type II and B. influenza*. In both instances the 
fatal secondary infection with Pneumococcus Type II was 
undoubtedly acquired from Pvt. Smith in the nearby bed. 
The third instance occurred in Ward 8 (Table XXIII). 
Pvts. Lewis and Scott were admitted on September 21 and 
were placed in adjoining beds, 50 and 51. Lewis showed 
Pneumococcus Type I in his sputum, Scott Pneumococcus 
II atypical. The following day Pvts. Pighee, Jones, and 
Columbus were admitted and given Beds 48, 49 and 53 re- 
spectively. All showed Pneumococcus II atypical in the 
sputum. Pvt. Lewis with Pneumococcus Type I pneu- 
monia recovered by crisis on Septemlier 29. ITis tempera- 
ture remained normal until October 2 when it suddenly 
rose to 104.2° F. He developed a second attack of pneu- 
monia and died on October 8. C-ultures at autopsy from 
heart's blood and lung showed Pneumococcus II atypical, 
from the bronchus Pneumococcus IT atypical and B. influ- 
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Table XXIII 

SEroxDAKY Infection with PxErMOCOCCUS 

II Atypical 









PNEUMO- 


SECONDABT INFECTION 




BED OCCU- 


admitted 


COCCUS 
IN SPUTTM 




NAME 




PNEUlfO- 




PIED 




ON ADMIS- 
SION 


DATE 


GOCCUS 
AT AUTOPSY 


Pvt. Pij^hi'f 


Xt). 4M 


St»i)t. 22 


Atyp. II 






Pvt. Jonrs 


Xo. 49 


Sept. 22 


Atvp. II 






Pvt. I^'wis 


No. ;')(> 


Sept. 21 


I 


Oct. 2 


Atyp. II 


Pvt. Scott 


Xo. 51 


S«>pt. 21 


Atyp. II 






Pvt. 












Col urn 1)118 


N'o. 53 


S<^|>t. 22 


Atyp. II 







onza\ It is, of course, imjiossiblo to say from which one 
of liis neiffhI)ors Pvt. Lowis acquired his second pneumo- 
coccus infection. 

It is notewortliy that these instances of secondary con- 
tact infection with pneumococci occurred in wards where 
ovi'vy pr(*caution was supposedly taken to prevent trans- 
f(»r of infection from one patient to another. It is true 
how(»ver that the wards w(*re greatly overcrowded at the 
tim(». Many other instances of secondary pneumococcus 
infection in cases of imeumonia following influenza were 
encount(»re(l in which it was impossible to trace the source 
of iiif(»ction, many combinations of different types of pneu- 
mococcus being found. Tliere were two instances in which 
I^neumoc(K^cus Type IV was found in the sputum by inocu- 
lation of white mice shortly after onset of pneumonia, 
whereas si^condary infection with other tyi)es was found 
at autopsy, one with I^neumococcus Type II, one with Pneu- 
mococcus Typ(» III. In 2 cases by inoculation of white mice, 
two typ(»s of pneumococcus were ftmnd simultaneously in 
the sputum couii:h(Ml from the lung, in (me Pneumococ- 
eus Types III and I\', in the* oth(»r Pn(»umoco(*cus Types 
I and l\. There were T) cases in which two tyi>es of piieu- 
niococcus were found in cultun»s at autopsy as shown in 
Tnhle XX IW ('ombin(»d pn(»umococcus infections of this 
nature ar(» almost n(»ver enc()untered in pneumonia occur- 
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Table XXIV 
Mixed Pneumococcus Infections in Pneumonia 







CULTURES AT AUTOPSY 


NAME 


heart's blood 


BRONCHUS 


LUNGS 


Pvt. Gal. 




Pn. Type III 
B. influenzffi 
Staphylococcus 


Pn. Type III 
Pn. Type IV 
B. influenzae 


Pvt. Sug. 


Pn. Type III 


Pn. Type III 
Pn. Type IV 
B. influenzae 
Staphylococcus 


Pn. Type III 
Pn. Type IV 
B. influenzflR 


Pvt. Hig. 


8. hcmolyticus 




Pn. Type II 
Pn. Type IV 
8. hemolyticus 
Staph, aureus 


Pvt. Can. 


Pn. Type I 




Pn. Type III 
S. hemolyticus 


Pvt. Fer. 


Sterile 


Pn. Type IV ' 
B. influenzae 
Staphylococcus 


Pn. Type I 
Pn. Type IV 
B. influenzae 



ring under normal conditions in the absence of epidemic in- 
fluenza. 

The foregoing data show that infection with one type of 
pneumococcus may readily be superimposed upon or closely 
follow infection wdth another type. Cases have been cited 
in which it was clearly demonstrated that this was due to 
contact infection. It is furthermore evident that pneumo- 
nia caused by one type of pneumococcus affords no relia- 
ble immunity against pneumonia caused by another type. 
The same conditions that favored the spread of hemolytic 
streptococcus infection also favored the transfer of pneu- 
mococcus infection from patient to patient. 

Secondaxy Contact Infection in Influenza 

The material so far presented has dealt with contact in- 
fection in cases of pneumonia following influenza. That a 
similar contact infection in cases of influenza treated in 
crowded hospital wards is responsible in considerable de- 
gree for the development of pneumonia in cases of influ- 
enza seems quite probable. It has already been stated that 
this pneumonia was found in large part to be caused by 
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infoetioii with typos of piu'uiiiococcus that are found in the 
inoutlis of normal indivuluals. It has been fairlv definitely 
«\^tahlishtHl hy Stilhnan^' that lobar pneumonia caused by 
pn*»umorocous Typ<»s I ami IT is in all probability due to 
contact infection, an<l dofmite instances of such infection 
by Pncnniococcus Type II hav(» been n»porte<i above. In 
a re(M»nt eonummieation Stillnmn^ has furthermore shown 
that of tin* various irroups of Pneumococcus II atypical 
those most freciuently associated with pneumonia are 
ran»ly foun<l in normal mouths, while those infrequently 
associated with pneumonia are more commonly found. 
\Viu»tlu'r similar ct)nsi<h 'rat ions will hold true for pneu- 
mo<*<M*ci of (Iroup IV can onlv be detemiined bv further 
invt'stiiration. It has been stated that certain observations 
matle durinir tin* c<uirse «>f this work have sugp:estefl that 
<'ast»s of pniMimonia which complicate influenza may be due 
to contact rather than to autotrencnis infection. The data 
availabh* are tar too limited to establish this fact and it 
wonM require a very extensive study to furnish conclusive 
eviilenci'. 

Certain ireneral t>bservations have suir^ested this point 
«»r vi<'w. It is wt'll recoirnized that the incidence of pneu- 
monia in i>atients with inllncnza has been much higher 
wlh'iM' overcrowilinir luis existed. It wcmld seem probable 
that this has been in larire part tint* to the greater oppor- 
tnnity t'or the dissemination of oriranisms cai)able of pro- 
dufinir pneumonia ami the consi'qnently increased oppor- 
tunity for secondary eoiilact int'(»ction among patients 
treated under >ucli etuiditions. The not infrequent occur- 
rt'Hce \)\' iulhien/.al ]>neuinn!iia due t(» combined infections 
of tlie different types of juieumococci, hemohiic strepto- 
en<'ci. staphylocoeei, and otliei- l)acteria, instances of which 
have luM'ii cited, is in harmony with this view, especially 
since ])Meunionia under (>r<Iinarv conditions is rarelv found 
to l)e assiM-iated with niixi^tl infections of this nature. It 

■Sri!;r:riri: .I-'.ir. Ilvi , r. M-.-.l.. T-V-. wiv. ■■'■'■ 
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is true that healthy individuals occasionally carry more 
than one type of pneumococcus simultaneously in the 
mouth, though this is very infrequent, and autogenous in- 
fection occurring in such individuals might account in 
some instances for the mixed pneumococcus infections en- 
countered. By way of analogy it has been clearly shown 
in other studies by the Commission on the relation of hem- 
olytic streptococcus carriers to the complications of mea- 
sles, that secondary infection of the respiratory tract with 
S. hemolyticus is in very large part due to contact infec- 
tion, the chronic carrier rarely developing complications 
due to this organism. 

To obtain further light on this question the type of pneu- 
mococcus present in the mouths of 46 consecutive cases of 
early uncomplicated influenza was determined by the mouse 
inoculation method at time of admission to the receiving 
ward of the hospital before the patients had been associ- 
ated, witli the purpose of determining if cases among this 
group which subsequently developed pneumonia might be 
shown to have acquired a pneumococcus which they did not 
carry at time of admission. This group of patients was 
treated in a special ward set apart for the purpose. The 
patients were assigned to beds in rotation and confined in 
bed until thoroughly convalescent. Beds were well separ- 
ated and cubicles, masks and gowns were in use. Cultures 
were made from the ward personnel. By these procedures 
an accurate record was kept of all sources of pneumococcus 
infection. The types of pneumococcus found in the mouths 
of these patients at time of admission are shown in Table 
XXV. 

Only 1 patient in this group developed imeiimonia. At 
time of admission he had no pneumococcus in his mouth as 
determined by inoculation of a white mouse with his spu- 
tum. E^xamination of the sputum by the same method at 
time of onset of pneumonia three days after admission 
showed Pneumococcus Type III. The only ascertainable 
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^oiiicM' (»r iiir<M'iin!i in tiji> rax- \va> nm- ni" the ward attt^nd- 
aiiis wlin ra!Ti«'d l*ii»iniMn*MC-rus Ty]M- III in lii? throat in 
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Methods for the Prevention of Secondary Contact Infection 

in Influenza and Pneumonia 
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effective under ordinary conditions when conscientiously 
carried out. That they inevitably break down in the pres- 
ence of an overwhelming epidemic when hospital wards 
become overcrowded is onlv too evident. Under such con- 
ditions the sheets hung between the beds are constantly be- 
ing displaced and are slight proof against a patient's curi- 
ositv as to the identitv and condition of the man in the ad- 
joining bed; masks cannot be worn by patients seriously 
ill with pneumonia, during the very time when they are 
most dangerous and in greatest danger and those worn by 
the ward personnel are very rarely sufficiently well made 
to prevent spread of contagion by droplet infection as the 
studies of Haller and ColwelP and Doust and Lyon^ have 
shown; the separation of streptococcus carriers from non- 
carriers as at present carried out cannot keep pace with the 
ever increasing influx of patients nor with the rapidity of 
the spread of the hemolytic streptococcus, in part because 
of the time required to make the l)actoriologic diagnosis, in 
part because the amount of work involved cannot be accom- 
plished by the laboratory personnel available. That this is 
so will be shown in data presented below. Xot only do 
these methods break down in the face of an epidemic, but 
they often provide a false sense of security. 

In searching for a solution of the problem it is essential 
to have the following considerations clearly in mind. Ev- 
ery patient with influenza must be considered a potential 
source of pneumococcus or hemolytic streptococcus infec- 
tion for his neighbor until he is proved otherwise by bac- 
teriologic examination. Every person engaged in the care 
of patients with respiratory diseases must also be regarded 
as a potential source of danger. Pneumonia cannot be re- 
garded as one disease but must be looked upon as a group 
of different diseases, with more or less similar physical 
signs and symptoms, it is true, but caused by a considerable 
variety of bacteria, infection with any one of which not 

•Haller and Colwell: Jour. Am. Med. Assn., 1918. Ixxi. 1213. 
•Doust and Lyon: Jour. Am. Med. Assn., 1918, Ixxi, 1216. 
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only provides no protection against infection with another, 
but may even render the individual more susceptible to 
secondary infection. Therefore, every patient with pneu- 
monia must be regarded as an actual source of danger to 
his neighbor, at least until it is established that he has the 
same type of infection. All these considerations are espe- 
cially true in the presence of influenza, for it has become 
evident that many organisms readily gain access to the 
lung and produce pneumonia in patients with influenza 
which under ordinarv circumstances fail to cause disease 
of the respiratory organs. 

Since secondary infection in respiratory disease is un- 
doubtedly spread in large part by droplet and contact in- 
fection, the prevention of secondary infection must depend 
upon the elimination of these methods of transmission. 
Three solutions present themselves: (1) Ward treatment 
with absolute elimination of overcrowding and much wider 
separation of patients than has hitherto been deemed nec- 
essary; (2) segregation of patients according to type of 
bacterial infection; (3) effective individual isolation of 
every patient. 

It has been clearlv shown that treatment of influenza and 
pneumonia in overcrowded wards even with the use of such 
precautions to prevent transfer of infection as cubicles, 
masking of attendants and patients, etc., is attended by se- 
rious danger of contact infection and that such infection 
will almost inevitably occur. This is not at all surprising 
when it is remembered that we are treating in the same 
ward, in the case of x)noumonia, a group of what are in real- 
ity entirely different diseases, all of which may be trans- 
mitted from one patient to another, and in the case of in- 
flu(aiza a group of individuals who carry a variety of 
potentially pathogenic bacteria. No one would expect to 
treat cases of scarlet fever, measles, and diphtheria to- 
gether in a hospital ward without having contact infection 
result. Among patients ill with influenza and postinflu- 
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enzal pneumonia, certainly streptococcus pneumonia and 
to some extent pneumococcus pneumonia may be transmit- 
ted quite as readily as any of these diseases. In view of 
these considerations it must be apparent if ward treatment 
of these diseases is to be continued without respect to type 
of bacterial infection, not only that overcrowding is abso- 
lutely contraindicated but also that much wider separation 
of patients than has hitherto been regarded as necessary 
is imperative. Furthermore, beds should be separated by 
permanent cubicles that cannot readily be displaced. Pa- 
tients should be confined to their cubicles until thoroughly 
convalescent and when up and about should not be allowed 
to enter cubicles occupied by patients still sick. Medical 
officers, nurses and attendants who come into contact with 
the patients should use the same rigid precautions that are 
used in the care of patients wuth typhoid or erysipelas or 
meningitis with the additional use of means to prevent 
droplet infection of the patients, always bearing in mind 
that the respiratory tract in patients with influenza or 
postinfluenzal pneumonia is as susceptible to secondary 
infection as the postpartum uterus or an open surgical 
wound. In other w^ords, the most rigid aseptic technic 
should be maintained. The recognition of a case of strep- 
tococcus pneumonia in a w^ard should be an indication for 
immediate quarantine of the w^ard until it has been shown 
by bacteriologic examination that there is no longer danger 
of spread of streptococcus contagion. This is done in the 
case of meningitis or diphtheria, neither of which diseases 
is comparable with streptococcus pneumonia in rapidity 
of spread or in resulting fatality. 

Segregation of patients in wards according to type of 
bacterial infection while theoretically an improvement over 
the indiscriminate mixing of patients with many different 
types of infection presents many practical difficulties which 
make it impossible to carry out in the presence of an over- 
whelming epidemic. It is quite obvious that grouping of 
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the receiving ward were assigned to beds in rotation. 
Throat cultures were made on blood agar plates at time of 
admission. The plates were examined promptly the next 
morning, the diagnosis of S. hemolyticus being made by the 
characteristic hemolytic colonies and microscopic examina- 
tion of stained smears. By this method a report reached 
the receiving ward at 9 :30 a.m. and patients were promptly 
evacuated to the streptococcus and nonstreptococcus wards, 
where they were again assigned to beds in rotation, re- 
maining confined in bed until convalescent. Confirmation 
of all strains of hemolytic streptococcus was subsequently 
carried out by isolation in pure culture, bile solubility test, 
and hemolytic test with washed sheep corpuscles. All cases 
free from hemolytic streptococci at time of admission who 
were sent to the '^ clean" wards were recultured daily 
throughout the period of study, those acquiring a hemo- 
lytic streptococcus being transferred to a streptococcus 
ward as' soon as the bacteriologic diagnosis was made. 
The results are shown in Table XXVI. 



Table XXVI 
S. Hemolyticus in Cases of Influenza 



DATE 


PATIENTS 

ADMITTED 

TO RECEIV- 

INO WARD 


THROAT 
CULTURES 
ON ADMIS- 
SION. S. 


* * CLEAN ' 'cases ACQl 
ING S. HEMOLYTICUS 
THE HOSPITAL 


:iR- 

IN 




HEMOLY- 
TICUS : 


-WHILE IN 


WHILE IN I 
"CLEAN** i 


TOTAL 




+ 


— 


REC. WARD ^^,^^^ , 




Nov. 27 


12 


4 


8 





2 


2 


Nov. 28 


8 


2 


6 





1 


1 


Nov. 29 


17* 


8 


9 


1 2 


3 


Nov. 30 


11 


o 

4rf 


9 


3 ' 


3 


Dec 1 


10 


5 


5 


' 





Doc. 2 


37 


16 


21 


1 1 


o 


Dec. 3 


21 


8 


13 


2 


2 


Dec. 4 


32* 


11 


21 


4 2 


6 


Dec. o 


17 


10 


7 


5 


5 


Totals 


165 


66 


99 


14 10 


24 



•Held in receiving ward 40 hours because of admission of case of meningococcus 
meningitis to ward by mistake. 

One hundred and sixtv-five eases were admitted to the 
receiving ward during the period of study as cases of influ- 
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»^-r.7^. ^>f th«^>*^. Io7 h.i«I 'Lni?Ti»-!iz;i : -t or those with inflnenza 

h;^i! pru^iimonia ar tln:*^ •■? .-iilGiiss^^tu 23 had iiente follienlar 

^«;ri."^;lllT:i.>=«. I> »^p!*l^r:"ii<: ri-r»-hn'SpLiiaI nirninzitis. 1 scarlet 

rVv»-r. ami 1 Viri«*«-nt'- aairiiia. Sixty-six f^ases (41) per cent) 

-ho'.VMfl h^molyti'* .-tr«^pt*>«*r«"M:iis in the throat at tinie of 

ailmi.'^.'^i'in and \\'<-*re ^ent to the >treptooi>?ciLs wards: 99 

r-n.^e^i (^ii) p#.-.r <'i-rit) T\-«-r»^ R-irarivt- fi>r hemoh'tic >treptcicoe- 

m- on fi«lnii.^.-i«>ii. i\ri*l of t!!K->«- IH Wf-re >ent tt) the "clean'* 

inffiK-nza. wanls. T^:\v-ntv-fr>nr «>f th**se oU*an cases snbse- 

r|rifTitIy hef-arnp p«»:^itiv«- for S. ht-^molyti^'us. It 13 especially 

not-fworthy that 14 of th^-m iidviir*-^! a hemolytic strepto- 

fOf'/nH rlurins' the >hi)rt perii-^d that th^^y w*^re held in the 

r^rr^'ivinif ward awaitinir th*-* report of the eiiltnre taken at 

tirrK' of fidmission. the first f^nltun"' taken shortly after ad- 

rrii?^?iion to tho **ch^an" wanls heinir positive. This result 

wa.- urirloiihtfdly due to the faot that these cases were nn- 

?jvoi<Iahlv assr>ciated in the ret^eivinsr ward with nianv car- 

rifTH of lifrmolytir* str^'ptocoffus. It is evident that cases 

uliif'h uerff supposedly frfe from streptococci Imt which in 

rciiViiy hiu] yiir-kfd up the ortranism in the receiving ward 

w'fTc f'oriHtantlv heintr sont to the ''clean'' wards. It is 

fiirflu-nnorf* cvifl^Mit tliat if thf precaution had not been 

ffikcn of pfculturin^ nil clean casos on day of admission 

fo \]\c **ch'an" wanls and daily thereafter these wards 

wfnild Hoon liave hoconio saturated with hemolytic strep- 

f ocoff'i. Kven under these conditions, 10 cases, after var\'- 

in^ periods in the 'S'l<»aii" wards, acquired the organism in 

I heir Ihronts. AVlien it is stat(»d that it required the full 

liino of two men und(»r very special conditions to carry out 

this work in n verv liiniied number of cases and that it 

fiiilrd to keep ''clean" wards free from hemolytic stropto- 

rorri, it is only ton api)anMil that the elTieient separation of 

rnrrirrs from nonearrici's in the ])res(»nce of an epidemic of 

irj(lnrn/a is an imi)ossil)le task. 

TIh' sr.L;:rru:atio!i of i)nrumococ(Mis i)n(nim()nias following 
inlhn-n/.a aeeording to type of infection is obviously impos- 
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sible, since thev are caused bv an almost unlimited variety 
of immunologic types as far as present knowledge goes. 

Even the efficient separation of streptococcus pneumo- 
nias from pneumococcus pneumonias would require a con- 
siderable team of workers and the closest cooperation be- 
tween laboratory and ward staffs, so that no case of pneu- 
• monia would be sent to a pneumonia ward until the bacte- 
riologic diagnosis had been made. In our experience this is 
rarely considered feasible even under ordinary conditions, 
and in the presence of an epidemic is nearly impossible be- 
cause of the volume of work involved and the delay neces- 
sitated by bacteriologic methods. It is, nevertheless, abso- 
lutely essential if highly fatal ward epidemics of strepto- 
coccus pneumonia are to be prevented. 

In view of the considerations discussed above, it is be- 
lieved that the clear and most fundamental indication for 
the management of epidemic respiratory diseases in the 
army is to scatter patients as widely as possible instead of 
following the time-honored custom of concentrating them. 
In brief, abandon open ward treatment and adopt effective 
individual isolation of every case, maintaining as strict a 
quarantine as is demanded in other highly contagious and 
infectious diseases. The adoption of a strict aseptic tech- 
nic in the handling of these patients is an evident corollary. 
Only by this means can the serious and highly fatal second- 
ary hospital infections, which occur in influenza and pneu- 
monia when these diseases are present in epidemic form, 
be prevented. 

The prevention of secondary infection, prior to admis- 
sion to the hospital, is another and more difficult problem. 
That opportunity for secondary contact infection in cases 
of influenza before patients reach the hospital is great 
seems unquestionable, since many cases have already de- 
veloped these infections at time of admission. During the 
epidemic patients were crowded in regimental infirmaries, 
in ambulances, and in the receiving office of the hospital 
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with i'Virvy opfirii't unity (or 'lroi»let intVctioii present. No 
sIikIv has h«*r'ij iiia<U* of this (|Uc*stion, Imt it seems reason- 
ahh* Ihat Ihe saiiH' iii«*tlio<ls of prevention shoukl apply, 
uauH'ly, c'fTeHive sr*paration of j)ati<*iits. 

II is not within tlie seope of this paper to discuss details 
of niolhod, hut anythiiifc that is jmssihle heconies feasible 
as soon as suflieient evi(h*nee ean he brought to bear that 
it is a lU'cessity. In the prcscMit instance it would seem that 
any means iliat can l)e used to reduce materially the ter- 
I'iCie toll taken hv respiratorv diseases is an absolute neces- 
silv. 

Summary 

1. Secondary contact inf(»cti(m with pneumococci not in- 
fnM|Ucnily occurs in i)atients with pneumonia following iii- 
lluenza wImmi they are treated in hospital wards. 

2. Sccon(hirv contact inf(»ction with S. hemolvticus read- 
ily occurs in pati(Mits with inunimonia and may spread 
rai)idly thnuigliout an (Mitire ward with highly fatal results. 

.'5, Secondary ccuitact infection may be responsible for 
Ihe develojuuent of i)neumonia in patients with influenza. 

■I. Ward treatment of these* diseases is fraught with se- 
rious danger \\iru*h is greatly increased by overcrowding, 
l»y imperfect separation of patients by cul)icles, and by 
imperfect aseptic technic of nu'dical ollicers, nurses, and 
.-uiendants. 

r». It is proh;ibh» I lint sei*ondary contact inftH*tion can be 
tMTcriivelv prevented onlv hv individual isolation and strict 
»)n:\v:\!Ui!'ie -.M' e\ ery patient. 



CHAPTER IV 

THE PATHOLOGY AND BACTERIOLOGY OF PNEU- 
MONIA FOLLOWING INFLUENZA 

E. L. Opie, M.D. ; F. G. Blake, M.D. ; and T.M. Rivers, M.D. 

Many ol)servers have described isolated phases of the 
recent epidemic and of past epidemics of influenza. Few 
have had an opportunity to follow the pathology of influ- 
enza from the onset of an epidemic through a period of sev- 
eral months and to observe the succession of acute and 
chronic changes which occur in the lungs. Our connnission 
arrived on September 5, 1918, at Camp Pike two weeks be- 
fore the outbreak of influenza. The commission had pre- 
viously made a careful study of the clinical course, the bac- 
teriology and to a limited extent the pathology of pneu- 
monia occurring at Camp Funston where there was little 
if any influenza. Study of the records preserved at the 
base hospital at Camp Funston had convinced u.s that this 
camp had passed through an epidemic of influenza dur- 
ing the spring of 1918, this epidemic l)eing followed by 
a very severe outbreak of pneumonia. Our investigation 
at Camp Funston had brought to our attention those 
phases of pneumonia which with the facilities of a base 
hospital laboratory could be most profitably studied with a 
view to determining the causation, the epidemiology and 
the prevention of the pneumonias prevalent in the Amer- 
ican army. 

Study of pneumonia after death offers the only oppor- 
tunity of determining the relation of pulmonary lesions 
to the considerable variety of microorganism associated 
with them. Clinical diagnosis furnishes no certain crite- 
rion for distinguishing lobar and bronchopneumonia; sup- 
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purative pneumonia is rarely recognizable during life. 
The relation of pneumococci, streptococci, staphylococci or 
B. influenza} to one or other type of pneumonia can be deter- 
mined with accuracy only after death; for the demonstra- 
tion of one or more of these microorganisms in material 
obtained from the upper respiratory passages in life, 
though of value, furnishes us no definite evidence that the 
organism which has been identified has entered the lung 
and passed from the bronchi to produce pneumonia. 

Study of autopsies following examination of the sputum 
during life has sho^^^l that an individual primarily attacked 
by influenza may suffer with a succession of pneumonias, 
one microorganism having prepared the way for another. 
The complexity of the subject is much increased by the 
truth that pyogenic microorganisms, like the tubercle 
bacilli, are capable of producing a considerable variety of 
pulmonary lesions. 

Examination of the lungs of a large number of individuals 
who have died as the result of pneumonia following in- 
fluenza has disclosed a succession of acute and chronic dis- 
eases. Immediately succeeding the height of the epidemic 
of influenza, death occurred with acute lobar pneumonia 
or with diffusely distributed hemorrhagic bronchopneumo- 
nia caused in the majority of instances by Pneumococcus 
IV in association with B. influenza*. Superimposed infec- 
tion with hemolytic streptococci increased in frequency and 
in individuals who had occupied certain wards was almost 
invariable. At a later period, from one to two months fol- 
lowing the maximum incidence of influenza chronic lesions, 
namely, bronchiectasis, unresolved pneumonia, and chronic 
emi)yema were common and often occurred as the result 
of influenza which had had its onset at the height of the epi- 
demic. 

When influenza attacked the encampment, about 50,000 
troops were quartered in it, and for a considerable period 
no more troops w^ere brought into the camp and none left 
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it. All cases of pneumonia occurring among these troops 
were brought to the base hospital so that the autopsies 
which were studied were representative of all the pneu- 
monias following influenza in this limited group of men. 
It is noteworthy that autopsy disclosed no instance of fatal 
influenza unaccompanied by pneumonia. 

Pneumonia of Influenza. — Knowledge concerning the bac- 
teriology of the pneumonia of influenza dates from the 
study of the epidemic of 1889-90. The frequency with 
wliich Diplococcus lanceolatus occurred in association with 
influenzal pneumonia was well recognized, although several 
observers, notably Finkler^ and Kibbert,- found Streptococ- 
cus pyogenes so often that they attributed the pneumonia 
of influenza to this microorganism. 

During a subsidiary" outbreak of influenza occurring in 
1891-92 Pfeiffer^ discovered the microorganism which he 
believed was the cause of the disease. Pneumonia, he be- 
lieved, was caused by the invasion of this microorganism 
into the lung, and the pneumonia of influenza, if death oc- 
curred at the height of the disease, was characterized not 
only by the presence of the bacillus of influenza, but was 
recognizable by its anatomic peculiarities. He described 
lobular patches of consolidation which were separated from 
one another by air containing tissue or were confluent, so 
that, although the lobular character was still recognizable, 
whole lobes might be affected. The consolidated tissue 
was dark red and within each lobular area were small, yel- 
lowish gray spots varying in size from that of a pinhead to 
a pea. In the mucus of the larynx and trachea were nu- 
merous microorganisms, including diplococci and strepto- 
cocci, among which influenza bacilli were predominant; in 
the larger bronchi, bacteria other than influenza bacilli 
were less abundant, whereas in the finer bronchi filled with 

'Finklcr, D.: Infcctionen der Lunge durch Streptococcen und Influenza Bacillen, Bonn, 

1895. 
'Ribbcrt: Anatomische tind bactcriologischc Beobachtungcn ubcr Influenza, Deutsch. 

med. Wchnschr., 1890, xvi. 61, 301 
•Pfeiffcr: Die Aetiologie der Influenza, Ztschr. f. Ilyg. 1893, xiii, 357. 
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|iiinil<*iit fluid and in the lung tissue influenza bacilli had 
iiiidividoil sway. PfeifFer stated that the changes de- 
hrril)i*d \v(»re found when death oecurre<l at the height of 
Mm- disease, wh(*reas otlier puhnonary lesions might be 
M<'^|iielji» of this typical influ(»nzal pneumonia. 

OI)Hervatir>ns upon tlu* pathology of influenzal pneumonia 
made during the epidemic of 1889-92 have been eollecteil 
in (he monograph of lA»ichtenstern^ published in 1896. He 
romhats th(» opinion held l)y some observers that pneumonia 
with infhuMiza is alwavs catarrhal and cites manv writers 
(o prov<f that lol)ar pneumonia not infrecjuently accom- 
panies the diseas(». Indeed, some have found ^'croupous'' 
pni'umonia more* often than ''catarrhal.'^ Krannhals' 
al Riga found typical fibrinous pneumonia in 53 instances, 
douhtful forms in '22 and bronchopneumonia in 37. Cruick- 
hhaiik" in Kngland found croupous forms predominant. 
AnniHg 41} autojisic^s performed upon individuals dead with 
infhicnza Hirch-IIirschfehl" found 11 instances of croupous 
hihar pn^'unionia, 8 instances of croupous lobular pneunio- 
niii and li4 instances of catarrhal pneumonia. Leichten- 
^^t<»rn thinks that tlie atypical symptomatology of lobar 
pniMimonia with influenza — for example, the purulent char- 
net rr of tlie sputum — has h^d many physicians to believe 
that hihar pneumonia rarely occurs. It is equally true that 
many instances of confhient lolmlar pneumonia are mis- 
tak<*n for lobar. 

4'h(*r(» ai)pears to he no comi)rehensive description of the 
pMriimonias of infhi(»nza based upon the epidemics of 1889- 
!IL*. I)('scrii»li(»us (biting from this ])eriod are much ob- 
Hciiicd by attrnii)ts to s('i)arate croui)ous or fibrinous from 
r.itarrhal i>iM*uiii()nias. C'roui)()us h)l)uhir pneumonia has 
b«M*ii r<M'ognizrd, for (»xample, by IJircli-lIirschfeld. Leicht- 
<-nstcrn dcscribt's a form of i)n(»um()nia which he regards as 

•l.i ii lii« ii^ti 1 11. O. : Iiirtnti:/a. Nothna^'trs Sjiciillr Pathol(i»?ic und Thcrapic, Wicn, 

I. iiiiili.il" : «hiut«tl l»v I.< it liiiMi>t» rn, 
"« iiiK L'.haiik: I'rit. Mnl. Jmir., lj«;5, j, 3oO. 
JSinli Hirst lil'ild: Schiuifll's JahrbuJitr, l^i9^). ccxxvi. 110. 
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neitlier lobar nor lobular although it implicates whole 
lobes; the consolidated tissue is homogeneous and varies 
in color from fleshy red to bluish red; it is tough and elastic 
in consistency. The author thinks that it is an error to 
regard this lesion as a confluent lobular pneumonia. 

Kuskow^, who has discussed tlie pathology of influenza 
in considerable detail, has seldom seen lobar pneumonia but 
has almost invariably found, even when there is lobar dis- 
tribution of the lesion, lobular patches of consolidation in- 
volving groups of lobules, single lobules or only parts of 
lobules; tlie lung tissue has been hyperemic and in places 
edematous. 

Opinions concerning the pathology and bacteriology of 
the pneumonias of influenza, published since the recent 
epidemic, have varied almost as much as those just cited. 
Few observers have had the opportunity of making a con- 
siderable number of observations under conditions which 
determine the relation of the pulmonary lesions to the pri- 
mary disease. 

Keegan" has found with influenza a massive and conflu- 
ent bronchopneumonia, frequently resembling lobar pneu- 
monia but distinguisliable particularly in its early stages 
when the cut section of tlie consolidated lung has a finely 
granular character and each l)ronchiole stands out as a 
grayish area with intervening dark red alveolar tissue. 

Symmers^^ states tliat the pneumonia of influenza is a 
confluent lobular exudative and hemorrhagic pneumonia 
which bears a close resemblance to the pneumonic variety 
of bubonic plague. 

Our commissions^ published a preliminary report on 
pneumonia following influenza observed at Camp Pike. 
The occurrence of purulent bronchitis, distention of lungs, 

*Kuskow, N.: Zur pathologischcn Anatomic der Grippe, Virchow's Archiv., 1895, cxxxix 

406. 
•Kcegan, J. J : The Prevailing Kpidemic of Influenza, Jour. Am. Med, Assn., 1918, 

Ixxi. 1051. 
'•S>wnmcrs. D.: Pathologic Similarity between Pneumonia of Hubonic Plague and of 

Pandemic Influenza, Jour. Am. Med. Assn., 1918, Ixxi. 1482. 
"Opie, E. L., Freeman, A. W., Blake. F, G., Small, J. C, Rivers, T. M.: Pneumonia 

Following Influenza, Jour. Am. Med. Assn., 1919, Ixxii, 556. 
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peribronchial liemorrliage and broneliioctasis were de- 
scribod. B. influenzae was isolated from the bronchi in ap- 
proximately 85 per cent of instances of influenzal pneu- 
monia Imt from the consolidated lung in less than half this 
mmiber of autopsies. Lobar pneumonia was present in a 
large pro])ortion of autopsies but was less frequent than 
l)ronchopneumoiiia. Bronchopneumonic consolidation is in 
part red, lobular and confluent, in part nodular; pneumo- 
cocci have a predominant part in the production of these 
lesions. Three types of suppurative pneumonia are de- 
scribed: (a) Abscess caused by hemolytic streptococci 
usually in contact with th(^ pleura and accompanied by em- 
pyema; {!)) Suppuration of interstitial tissue of the lung 
caus(*d l)y hemolytic streptococci and accompanied by em- 
py(»ma; (r) nmltiple foci of suppuration clustered about a 
l)ronchus of medium size and caused by staphylococci. We 
hav(» exi)r(»sse(l the opinion that B. influenzae descends into 
the l)ronchi; pneumococci, usually Type IV, may enter the 
lung and ])roduce either lobar or bronchopneumonia. 
l[(»molytic streptococci may descend and infect the pneu- 
monic lung causing death often before suppuration has oc- 
curred. Epidemics of such superimpos(»d streptococcus 
l)n(»umonia in wards of the hospital wer<» described. 

L(»Count^- says: *'The pneumonia of influenza is com- 
numly ri^ferred to as l)ronchopneumonia. It may be so des- 
ignated, but it differs from other bronchopneumonias in its 
pnMlilection for tlu* i)erii)liery of the lungs and in the extent 
lo which the iiiflammalion is hemorrhagic." 

^lacCallum^' stat(»s tliat the following types of pneumo- 
nia following influ(Miza may be recognized. 1. Pneumococcus 
pneumonia. The lobular charader of the consolidation is 
in tlies(» cases w<»ll mark<'(l, although it tends to lose its 
(Icfiniteness Ihrough the confhience of adjacent areas. The 
cut surface of tlie lung shows in the more acute cases a 

*-I,rC'i)mit, v.. K.: Thr T'atlKiloniral Analomv of InfliuMi/al Fironchopncumonia, Jour. 

Am. Mid. Assn., 1«M9. Kxii. 650. 
'WI;i«'l'.illnin. \V. (1.: rathnldnv nt thr Piuunmnia I'ollowiiiij rnfliu'iiza, Jntir. Am. Mod. 

Assn., I'MO, Ixxii, 720. 
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peculiar lobular or confluent consolidation which corre- 
sponds well with what is commonly written of the stage 
of engorgement in the description of lobar pneumonia. 
Later stages in the pneumonia show within these areas 
patches of rough gray consolidated tissue from which def- 
inite plugs of exudate project. 2. Staphylococcal pneumo- 
nia. 3. Streptococcal pneumonia. There is lobular pneu- 
monia, the interlobular septa are edematous and, micro- 
scopically, J:)ronchi and alveoli are loaded with streptococci. 
Whole areas of lung, though retaining their form, are en- 
tirely necrotic. Lymphatics are distended with exudate 
containing streptococci in great numbers, but in none of 
these cases ^s interstitial bronchopneumonia found. 4. 
Pneumonia produced bysP. influenzae of Pfeiffer. The lung 
is studded with palpable ^hot-like grayish yellow nodules; 
the bronchi exude thick yellow pus, which contains in- 
fluenza t)acilli. Microscopically, the walls of the bronchi 
are found to be thickened by mononuclear infiltration and 
new formation of connective tissue. Tlie walls of the al- 
veoli are thickened and indurated and the alveoli often con- 
tain fibrin in process of organization. Absence of conspic- 
uous changes in lymphatics, absence of intense pleural in- 
fection and relatively scant numbers of polynuclear leuco- 
cytes in the exudate within the alveoli and bronchial walls 
are, MacCallum states, all that distinguish this pulmonary 
change from the interstitial bronchopneumonia caused by 
the hemolytic streptococcus and described by him in 
previous papers. 

Lyon" designates the pulmonary lesion following in- 
fluenza, hemmorrhagic pneumonitis, the lung tissue con- 
taining serous fluid loaded with red blood corpuscles; in 
many instances there was such scant consolidation that the 
process could not be regarded as a true pneumonia. In 35 
instances the lesion was lobular in distribution and in 16 



«*Lyon, M. W.: Gross Pathology of Epidemic Influenza at Walter Reed Hospital, Joui. 
Am. Med. Assn., 1919, Ixxii, 924. 
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iiistaiH'f's was suiTicientlv I'Xtf'nsive to l)o desisiiated lobar, 
hut it was not typical lobar piuniinonia. and, often asso- 
ciated with hibular patches of consolidation, appeared to be 
a confluent lobular pneumonia. 

Oofxipasture and Buniett^' say: '•The difficulties of ana- 
lyzing the pulnionarj' lesions in any group of influenza 
pneumonias as they have appeared in this epidemic, are 
very apf)arent to anyone who has had an opportunity to ob- 
serve the bacteriolo«:y and patholo«:y of this accompani- 
ment of the disease." Th(*re is an acute outflow of the 
fluid elements of the l)lood and of hemorrhage into the lung 
tissue filling tlie alveoli in lobular areas and not infre- 
^piently in an entire lobe. By a special method of staining 
these authors have studied the distribution of Gram-nega- 
tive bacilli with the morphology' of B. influenza*. The fact 
that in certain verv earlv cases demonstrable bacteria of 
aiiv kind are scarcf» or not found at all, has lead them to 
believe ** notwithstanding the demonstration of influenza 
bacilli in pure culture in the lung in all but one instance, 
that at this stage organisms are comparatively few within 
the alveoli, and the primary injury is due to a very potent 
toxic agent elal)orated in and disseminated through the 
larger air f)assages. In the later stages or from the be- 
ginning, if the injury be slight, the infection focalizes about 
the bronchi or their terminations, so that the bronchial and 
lobular distributi(m becomes very conspicuous.'* Typical 
lobar pneumonia with ** croupous" exudate within the al- 
vr'oli (uu'wvi^ in cases complicated by secondary pneumo- 
r-or-ciis infection. 

\Vr)ll)jicli'* lias found Ihat two types of pneumonia are 
rjiaracterislic of influenza. In cases in which death has 
ocr-iirred witliin a I'ew days after onset of pulmonary signs, 
thr* lung tissue is dark hmI and **moatv in consistencv" and 
contains abuiHJant blood-tinged serous fluid which drips 

'•'(.•,',<l\,:i^tutr, !•;. \V. ami IJuriU'tt. V. L.: The T*atlioloffv of Pneumonia Accompanyinff 

fiiH-iMi/a. r. S Naval Mt-dital lUill.. 1919. xiii. No. 2. 
''U ..I'l.if h: ("iiiiiiii<?its fMi th«* Patholfij^-y and Iiacttriolojjy of Fatal Influenra Cases as 

ob-f-rvrd at C'aiiiii I)tvcii«i. Mas«., Hull. Johns Hopkins Hosp. 1919, xxx, 104. 
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from the cut surface. The otlier type of lesion is found in 
patients who have lived for ten days or more after onset 
of the disease; there is extensive bronchitis, l)ron(*hopneu- 
nionia, discrete or confluent, and peribronchitis. The lun^s 
are vohiminous and the smaller bronchi are distended. 
Microscopically, tliere is peribronchitis with ext(»nsive in- 
filtration of the interlobular septa and organization in al- 
veoli and bronchioles. This lesion is that designated l)y 
MacCallum as * ' interstitial bronchopneumonia. ' ' AVolbach 
thinks that the two types of lesion represent different 
stages of the same process. He regards as distinctive of 
the pneumonias of influenza the presence of hyalin fibrin 
lining distended air spaces. With the two types of lesion 
which have been described, B. influenza* was the only or- 
ganism which could be cultivat(»d, and the author associates 
these distinctive conditions with that microorganism. 

Streptococcus Pneumonia. — Kinkier emphasized the im- 
portance of streptococcus pneumonia as a complication of 
influenza. In 1888 he described instances of acute primary 
streptococcus pneumonia ol)served in 1887 and 1889. This 
fonn of pneumonia, Finkler thought, occurred in Bonn in 
epidemic form before tlie influ(Miza epidemic of 1889-90 
and, he states, exhibited an astonishing similarity to the 
jmeumonia of influenza. He thouglit that later there was 
in Bonn a mixed infection of influ(Miza and primary strepto- 
coccus pneumonia. In one type of streptococcus pneumo- 
nia, described by Finkler, tliere was lobular consolidaticm 
which in multiple patches produced "pseudolobar" con- 
solidation; the consolidated lung was smooth and red, and 
similar to spleen, rather than lu^patized. In anoth(»r group 
of instances the lesion merited the name *' erysipelas of 
the lung." The lesion was an acute interstitial pneumonia 
in some places, a cellular or occasionally fil)rinous pneumo- 
nia with involvement of the int<*rstitial tissue in other 
places. There was edematous swelling and accumulation of 
leucocvtes in the interstices betwe(»n the alveoli and about 
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the l)loo(l vessels and bronchi. Finkler stated that the sim- 
ilarity to erysipelas might suggest that the hmphatics eon- 
tain streptococci, l)ut this relation did not exist although 
large hTiiphatic channels were occasionally filled with coag- 
ulum. He asserted that the disease was contagious and 
cited cases which he believtHl had their origin in hospital 
wards. 

The widespread occurrence of streptococcus pneumonia 
in the army camps in this countrj' attracted attention dur- 
ing the first months of 1918. Cummings, Spruit and 
LjTich" at Fort Sam Houston, Texas, recognized the prev- 
alence of streptococcus pneumonia, both as a complication 
of measles and in association with lobar pneumonia, and 
sliowod that the microorganism concerned was. a hemolytic 
streptococcus. In 7 autopsies upon individuals with lobar 
pneumonia, they found pneumococcus alone in 2 instances 
and pneumococcus and hemolytic streptococcus or hemo- 
lytic streptococcus alone in 5 instances. Hemolytic strep- 
tococcus was found in all of 24 instances of bronchopneumo- 
nia, three-fourths of which followed measles. They rec- 
ommend the bacteriologic examination of the throat of 
patients with measles and the segregation of those who 
harbor hemolytic streptococci. 

Cole and ^lacCallum" have published almost simul- 
taneously, with that just cited, a report upon the pneumonia 
which has occurred at Fort Sam Houston and have shown 
the importance of hemolytic streptococci in its causation. 
They have found two varieties of pneumonia, namely, acute 
lobar i)noumonia which does not differ essentially from 
tliat wliich occurs elsewhere and bronchopneumonia which 
in most cases lias followed measles and is caused bv S. hemo- 
lyticus. They think this infection is usually acquired in 
the hospital. They b(*lieve that the pulmonary lesions are 
characteristic. In this publication and elsewhere Mac- 

'H'liiniTiinKs. J. G., Spruit, C. B, and I.vnch. C: The Pneumonias: Streptococcus and 
Pneumococcus (iroups. Jour. Am. Med. Assn., 1918, Ixx, 1066. 

**'C<)lr, U. and MacCallnni, \V. (i.: I'nt-unionia at a Hasc Hospital. Jour. Am. Med. 
Assn., 1918. Ixx, 1146. 
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Galium has designated the lesion ** interstitial bronchopneu- 
monia. ' * 

The epidemic of streptococcus pneumonia and empyema 
occurring at Camp Dodge, Iowa, from March 20 to May 10 
is described by Miller and Lusk*®. During this period there 
were 400 cases of pneumonia, whereas from September 20, 
1917, to March 20 there had been only 276 instances of lobar 
pneumonia. The type of pneumonia changed, there was 
more severe intoxication and empyema became very fre- 
quent ; in 85 of 95 exudates streptococci were found. The 
outbreak of pneumonia bore no relation to measles. The 
authors state that a mild tracheitis was prevalent in the 
cantonment during March, and whenever a large group of 
soldiers congregated coughing was noticeable. 

MacCallum^^ studied the pneumonia at Camp Dodge dur- 
ing May and found 17 instances of the lesion which he had 
designated interstitial bronchopneumonia; of these, 9 fol- 
lowed measles, although in the earlier part of the epidemic 
there appear to have been, he states, few such cases. Cul- 
tures made at autopsy, except in a few fatal cases of un- 
complicated lobar pneumonia caused by the pneumococcus, 
showed the hemolytic streptococcus in every situation 
throughout the respiratory tract and pleura. 

The pneumonia which occurred at Camp Funston is of 
special interest to our commission because we were for a 
time stationed at this camp and had the opportunity of 
following in the excellent records of the hospital the history 
of the occurrence of pneumonia during the year following 
the establishment of the camp in September, 1917. Stone, 
Phillips and Bliss" have described the outbreak of pneu- 
monia which occurred in March, 1918. At this time there 
was, the authors state, severe pneumonia with frequent 
empyemas due to hemolytic streptococci. This condition 

•Miller, J. L., and Lusk, F. B.: Epidemic of Streptococcus Pneumonia and Empyema 
at Camp Dodge, Iowa, Jour. Am. Med. Assn., 1918, Ixxi, 702. 

"MacCallum,. W. G.: Pathology of the Epidemic of Streptococcus Bronchopneumonia 
in the Army Camps, Jour. Am. Med. Assn., 1919, Ixxii, 720. 

«Stone, W. J., PhjltfiM. B. G . and Bliss, W. P.: A Clinical Study of Pneumonia Based 
oh 871 Cases, Arch. Ini. Med., 1918, xxii, 409. 
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Avliicli did not follow measles was responsible for the 
greatly increased death rate* in ]\Iarcli; 9 deaths occurred 
in P\'bruary, 45 in ^larch, 25 in April and 14 in May. They 
found during ^larcli 26 instances of multiple pulmonary 
al)sc*ess. In 29 autopsies they found a pleural lesion which 
th(\v desi«»:nate ^'subcostosternal pus pockets'*; it occurs 
only in association with canpyema caused by hemolytic 
sti'eptococci. 

Our commission" has shown that an epidemic of in- 
fluenza, well characterized by its epidemiology and sjTiip- 
toms, preceded and accomi)anied the outbreak of pneumo- 
nia just descril)ed. B(»twe(*n ]\Iarcli 4 and 29 1,127 men 
from (-amp Funston, which then contained 29,000 men, were 
sent to the l)ase hospital with influenza and many more 
were treated in the infirmaries of the camp; on March 11 
107 pati(4its with influenza were admitted to the hospital. 
The great(\st incidence of pneumonia in the history of the 
eneanij)inent u}) to this time occurred between March 9 and 
29, inuncHliately following the outbreak of influenza, the 
maximum incidence of pneunumia occurring five days after 
the maximum for influenza. 

Tlie for(»going observations are cited to prove that strep- 
tococcus pneum<mia, which occurred during the spring of 
1918 at Camp Funston and doubtless at other camps, had 
its origin in influ(»nza and did not differ in character from 
that which occurred on a much larg(T scale in the fall of 
1918. 

Table of Autopsies. — In ordiM- to pres(Mit as bri(»fly as 
possibh* the data upon which th(* pn^sent study has been 
baso<l, auto|)sies have been asseni})led in tabular fonn in 
tli(» ()i'(h'r of tli(»ii' i)erf()rinauee (Tabl(^ XXVI F). During the 
eaily jHM'iod of (lie ei)i(hMni(* aut()|)sies were j)erforined on 
all whn di(Ml with i)iieunionia, but lat(M\ with increase in the 
nuiiihcr of deaths, this became impossible and autopsies 
were ix'rfoiiiKMJ on all those who <lied in certain wards. 

-(>I.i<. K T... |-nr!i:in. A. W.. IM.ikr. I*. C . Sivall. J. (\. anil Rivrr^. T. M.: Pnt-u- 
m'mi.'i at CaT.i» I'uMsfnn. Jiuir. Am. Mel. Assn., 1^19. Ixxii, 108. 
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Comparison of charts repre^^eiiting ineideiico of iiifluonza 
and of deatlis from pneumonia furnishes evidence that fa- 
tal pneumonia durinj? tlie period of investigation was with 
few exceptions referable to influenza. During two weeks, 
namely, from September 1 to 14, before the presence of the 
epidemic was evident, there w(»re only 2 fatal cases of 
pneumonia. In most instances the relation of pneumonia 
to influenza is established bv a definite historv of influenza 
having its onset during the epidemic. Bronchopneumonia 
usually develops gradually as a sequence of influenza in 
which purulent bronchitis has occurred. Lobar pneumonia 
may develop in cases of influenza complicated by purulent 
bronchitis. In some instances there is apparent recovery 
from influenza indicated by return of temperature to nor- 
mal; after from one to thl-ee days of normal temperature 
there is typical lobar pneumonia with rusty sjnitum. In 
many instances of pneumonia having tlieir onset at the 
height of the epidemic of influenza, the history indicates 
that pneumonia was present immediately after the onset 
of symptoms, so that the onset resembled that of pneu- 
monia rather than of influenza. 

Cases of pneumonia following measles have been ex- 
cluded from the table in order that thev mav l)e studied 
separately and compared with the pneumonias of influenza. 
It is noteworthy that the lesions of pm^umonia following 
measles have shown a very close resemblance to the pneu- 
monias of influenza, with regard both to pathologic char- 
acters and to bacteriology. 

Five instances of pneumonia following typhoid fever 
(Autopsies 245 and 329), scarlet fever (Autopsy ?A]) or 
mumps (Autopsies 408 and 417) have been excluded from 
the table. These secondary pneumonias are grouped as 
an appendix to the secticm on pneumonia following measles. 
It is not improbal)le that individuals with tin* diseas(»s 
named are just as susceptil)le as others to influ(»nza. 
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Included in the taMt- is an instance (Autopsy 487) in which 
a definite attack of influenza preceded scarlet fever. 

In successive colunnis the tahle gives the autopsy num- 
l)er, race, and lenirth of niilitan^ ser\'ice. These factors 
have had an important influence upon the incidence of in- 
fluenza and pneumonia and have been discussed in a pre- 
liniimiry report.-' The duration of illness (4th colunm of 
table), counted from the date of onset of symptoms of 
influenza or in some instances, when the earliest symptoms 
were those of pneumonia, fnmi onset of pneumonia, can 
usually be determinetl accurately. The duration of pneu- 
monia (oth column of tabhO is much more uncertain, be- 
cause its determination datt^s from the first recognition of 
the physical siirns of pneumonia. 

Clinical Diagnosis. — The clinical diagnosis recorded 
ui)on the clinical history of the patient is given in column 6. 
Many clinicians have been impressed with the difficulty 
of determining during life the type of pneumonia associated 
with influenza. The occurrence of purulent bronchitis, 
the frequent coexistence of lobar and bronchopneumonia 
and an atypical oiis(»t often mak(» the recognition of lobar 
pneumonia more difficult than usual. The diffuse consoli- 
dation of confluent lobular pneumonia increases the diffi- 
culty of n^cognizing bronchopneumonia. In the table (col- 
umn fi) l()l)ar pneumonia is indicated by L., bronchopneu- 
monia by 1>. Among 227 auto])sies the clinical diagnosis 
agn'(»d with th(» condition found at autopsy in 109 instances 
(4S per cent) : in 'A7) instances (li)A per cent) both lobar and 
bioiiclio])iieuinonia were found at autopsy and a diagnosis 
of one or otlier was made during life. In 83 instances 
(.')().() ]n'v cent) tlio diagnosis made during life was incor- 
r<'ct. Ceases admitted to the base hospital at Camp Pike 
were as carelully studie<l as tlie conditions in a base hos- 
pital dni'ing an (»i)idemic permitted and diagnosis of pneu- 
monia was doubtless as accurate as in other base hospitals. 
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Statistics from military and other hospitals based upon 
clinical diagnosis of the pneumonias of influenza are prob- 
ably subject to an error of at least 1 in 3 cases, and conclu- 
sions based upon them are almost valueless. 

The inaccuracy of clinical diagnosis of the pneumonia 
of influenza is further illustrated by a consideration of 
lobar pneumonia. This diagnosis on the one hand was 
made 136 times and was correct 67 times and incorrect 69 
times; on the other hand, lobar pneumonia was found at 
autopsy 98 times and had been diagnosed in only 67 of 
these cases (68.4 per cent). 

Classification of the Pulmonary Lesions of Influenza. — 

Influenzal pneumonia exhibits the following noteworthy 
characters : 

1. Acute bronchitis with injury or destruction of lining 
epithelium and accumulation of inflammatory exudate 
within the lumen. 

2. Hemorrhagic pneumonia with accumulation of blood 
within the alveoli and within and about the bronchi. 

3. Susceptibility of bronchi and pulmonary tissue to sec- 
ondary pyogenic infection with necrosis and suppuration. 

4. Bronchiectasis. 

5. Tendency to the occurrence of chronic pneumonia fol- 
lowing failure of pneumonia to undergo resolution. 

All these changes are dou])tless referable to the severity 
of the primary injury to the lower air passages. 

In the presence of destructive changes in the bronchi 
many bacterial species, including B. influenza?, pneumococci 
of various types, streptococci (notably hemolytic strepto- 
cocci) and staphylococci may invade the lungs and produce 
acute inflammation. The anatomic characters of the pneu- 
monic lesions following influenza are equally varied. 

In order to obtain insight into the pathogenesis of these 
lesions, it is desirable to imitate the historical development 
of knowledge concerning the characters and causes of dis- 
ease, namely, first to define accurately the lesions concerned 
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and later to dotomiine with what microorganisms these 
l(»sions are associated. The difficulties of this undertaking 
are increased by the nmltiplicity of the microorganisms 
concerned and bv the well-known truth that the same mi- 
croorganisni, c. //., the tubercle bacillus, may produce 
widely different anatomic lesions. 
In the table of autopsies the following lesions are listed : 

Column 7. Purulent bronchitis. — <<p" indicates that the small bronchi 
contain mucopurulent fluid. 

Column 8. Lobar pneumonia. — The occurrence of the lesion is indi- 
cated by the plus sign (+). 

Column 9. Peribronchiolar consolidation. — The presence of nodular 
]intclie8 of consolidation about respiratory bronchioles is indicated by the 
plus sign (+) when the lesion has been recognized at the time of autopsy. 
When the lesion has been first recognized by microscopic examination the 
letter "M" is used. 

Column 10. Hemorrhagic peribronchiolar consolidation. — The occur- 
rence of this lesion which represents the preceding on a background of 
hemorrhage is indicated by the plus sign (+). 

Column 11. Lobular consoUdation. — The presence of the lesion is in- 
dicated by the plus sign (+). 

Column 12. Peribronchial consoUdation. — Peribronchial pneumonia 
recognized at the time of autopsy is indicated by the plus sign (+). Peri- 
bronchial pneumonia recognized microscopically is indicated by **M." The 
presence of peribronchial hemorrhage without consolidation is indicated by 

Column 13. Abscess formation with pneumonia. — Suppuration with ab- 
scess formation almost invariably just below the pleura is indicated by the 
plus sign (+). Necrosis of lung tissue recognized microscopically and un- 
jucompanied by su])puration is indicated by **N." 

Column 14. Suppurative interstitial pneumonia. — This lesion invaria- 
bly associated with suppurative Ivniphangitis is indicated by the plus sign 

(+). 

Column 15. Multiple abscess in clusters. — Abscesses in clusters about a 

bronchus of medium size are indicated by the plus sign (+). 

Column 16. Empyema. — The presence of the lesion is indicated by **E." 

Column 17. Bronchiectasis. — '*H" indicates the lesion. 

Column 18. Unresolved bronchopneumonia. — Presence of the lesion is 
indicated by the plus sign (+). 

Column 19. Organizing bronchitis and bronchiolitis. — "O" indicates 
the lesion. 

The lesions of eolunins 7 to 12 are acute inflammatory 
piooossos, roluniiis D to 1- reprosont different types 
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of bronchopneumonia. Columns 13 to 15 represent sup- 
purative lesions. Columns 17 to 19 represent chronic 
lesions. A survey of the table shows the predominance 
of acute lesions in the early period of the study and the 
gradual increase of chronic lesions. 

The last four columns of the table of autopsies give the 
bacteriology of the sputum during life and the bacteria 
found in the bronchi, in the lungs, and in the blood of the 
heart after death. 

MortaJity of Pneumonia Following Influenza. — From 
September 6 to December 15, 250 autopsies were performed 
on patients who had died with pneumonia at the base hos- 
pital at Camp Pike, and with few exceptions bacteriologic 
cultures were made from them. Although it was not pos- 
sible to perform autopsies on all who died, those which were 
performed afford a fair index of all deaths, for throughout 
the epidemic of influenza and its outbreak of pneumonia 
approximately one half of all who died were examined after 
death. The relation of autopsies to deaths is shown by a 
comparison by weeks of the number of deaths and number 
of autopsies during the months of September and October. 





WEEK 


DEATHS 


AUTOPSIES 






Sept. 1- 7 
Sept. 8-14 
Sept. 15-21 
Sept. 22-28 
Sept. 29— Oct. 5 
Oct. 6-12 


1 

1 

4 

15 

121 

191 


1 

1 

3 

14 

67 

78 






Oct. 13-19 


78 


43 






Oct. 20-27 


22 


15 






Oct. 28-31 


8 


6 






441 


228 





For most of these autopsies there is a record of the 
date of onset of the illness, namely, influenza, which finally 
resulted in pneumonia and death. Comparison of the num- 
ber of cases of influenza which developed on any day with 
the number of fatal cases which had their onset on the same 
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dav will determine the mortality of influenza at different 
periods of the epidemic. Chart 1 shows the number of 
eases of influenza which had their onset on each day from 
September 1 to Octo])er 31 and the number of fatal eases 
with autopsy which had their orip:in on corresponding days. 
The comparison l)y weeks between autopsies and total 
numl)er of deaths shows that the autopsies represent with 
considerable accuracy the deaths. If there is any error it 
occurs at the height of the outbreak of pneumonia from 
September 29th to October 5th and not at its beginning, 
or end. The chart shows that the highest mortality occur- 
red among cases of influenza which had their origin at the 
beginning of the (epidemic from Sej)tember 21 to October 1, 
whereas after October 1, though the maximum number of 
cases of influenza occurred on October 3, very few developed 
fatal pneumonia. 

Mortality from Pneumococcus and Streptococcns Pneu- 
monias. — By referring fatal cases of streptococcus pneu- 
monia back to their date of origin it is possible to determine 
what proportion of the cases of influenza, which developed 
on any day, dicnl with infecticm by hemolytic streptococcus. 
The accompanying chart (Chart 1) shows that infection 
with hemolytic streptococci has been very frequent at the 
beginning of the epidermic of influenza (shown by area with 
double hatch in chart) that is, from Sc^ptember 20 to 30 
and subs(»queutly has gradually diminished so that few 
cases have had their onset in the second half of the epi- 
demic from SeptemlxT 30 to October 15. 

Pneumococcus j^neumonia uncomplicated by streptococ- 
cus infection (sliown by area with single hatch in chart) 
jmrsued a course which more ch)sely conformed to the curve 
representing infhienza. Tlie cases of influenza which re- 
sulted fatally bore a fairlv constant ratio to the total num- 
b(»r of cases of influenza from th(» onset of the epidemic 
until October 1, but sul)se([uently few cases of influenza de- 
vc^loped fatal pneumococcus pneumonia. 
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Tliese cliarts arraiigod witli reference to the onset of fatal 
pneumonias dissociate very clearly tlie outbreak of strep- 
tococcus pneumonia, wliich reached its height at the begin- 
oing of the influenza epidemic, from the uncomplicated 
pUL-umot'occus pneumonia which ivaciied its maximinn at 
the midpart of tlie iiilhienza epidemic and then ahruptly 
abated. 



..-.4« 



tha.l 1 -Showing Ibt relation of (a) otihI of cu» of p.R^in-r-i.i 'Iv.w,, l,j iii,i«i„j- 
tn be unfomplicaled by Kcondarj infection with hemolytic; iireuincotcus, indicated bjr 
upper cantinuoui line with lingle hilch, and of (b) oniet of faul eaiei of streulococcui 
pneumonia, indicated bv the loHCr coniinxioxia line with double hatch, to <c) the oecur- 
renee of iafluenia, iocliciled by the broken line. The nnset o( each cue of fatal pneu- 

Our study of ward infection in pneumonia furnishes an 
explanation of tlie outbreak of fatal streptoeoccus pneu- 
monia coincident with the initial stage of the influenza epi- 
demic. This oubreak is a true epidemic of streptococcus 
infection suporimposetl. in many instances at least, upon 
preexisting pneumoeoccus pneumonia, but in some in- 
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staLc-^^. doui'tles?. a primary streptococcus pneumonia, 
following th*- >»r'>iieL:ti> ••! influenza. In the absence of 
h*r<'*jii*hiTy >ZT^i»i'mrfmri'U^ ii:i*-eti»'n a very larpe proportion 
of tLfr>^ iiiiiiviiiuai> w^uM havf- recovered. This epidemic 
of -tr^r-pti^-r^'-'-u- i»ii»-U!i:OTiia, it lias l»efn shown, was the re- 
sult of uiiiavuriiMp ••Miiditioii.> prtNlueetl by great over- 
f-rowiiin^' of th*:* lio>i»itai ar.d in the early part of the epi- 
dc'inif ]iy inailt^iuatv >*:-j>aratioii of those with streptococcus 
Jnfw.-tJon from those witli none. With control of these con- 
ditions, strej>t<x-o«;ous pii*^unionia rapidly iliminished. 

Greater susr-eptihility to pneumoc<x^us pneumonia in the 
^arly than in the late perioil of the epidemic is perhaps 
<*xi>Iainwl by diff^'rencps in the severity of influenza; the 
iiion- susr-eptihl*- individuals were attacked by influenza 
in th** »'arly perioil. whereas th»* less susceptible did not 
affjuire the dis*^ase until they had been exposed to an im- 
Tiif-nsely increased number of infected individuals. A bet- 
ter explanation is furnished by the greater opportunity at 
the iH'giiining of the epidemic for the transmission of mi- 
croor^anisnis causing pneumonia, for at this time patients 
with iiifhw^nza were crowded together and methods to pre- 
vent tlie transmission of infection were little used. 

Bronchitis 

(Miiiical study has sliown that purulent bronchitis (see 
Fig. 2) occurs in about one-third of the cases of influenza. 
Ill a hirg(? i)roi)ortioii of cases of l)ronchitis there is no clin- 
ical evi(h*iice of piHMiiuonia. The bronchial lesions found in 
nssocialioii willi lh(» i)iieuuioiiia of influenza are an index of 
the* nhilily of the* ag(»iit, whicli causes influenza, to injure the 
hroiichi. 

Ill those* who liavo died with pneumonia following influ- 
enza lh<» largo l)r()nclii (witli cartilage) are intensely in- 
jorlpd, so Ihat \\w mucosa lias a deep red color which 
on (TOSS section contiasts v(»ry sliari)ly with the pearly 
wliilc of the cartihigc. Sup<*rficial injury to the bronchi is 
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not infrequently evident in the larger bronchial branches ; 
superficial loss of epithelium is indicated by erosion of the 
surface, whereas somew^hat deeper destructive changes are 
occasionally evident. Microscopic examination accurately 
determines the degree of destructive change. 

Purulent bronchitis w^as noted in 134 autopsies (55.6 per 
cent of autopsies). From the small bronchi, in many in- 
stances, purulent fluid w^elled up upon the cut surface of 
the lung, whereas in other instances tenacious mucopuru- 
lent fluid could be squeezed from small, cut bronchi by pres- 
sure upon lung tissue. The consistency of the material 
within the bronchi varied greatly, ranging from a viscid 
and tenacious mucus of creamy, vellow color to a thin, tur- 
bid, gray fluid. The coexistence of local inflammatory or 
of general edema of the lungs modifies the character of the 
material found in the bronchi at autopsy; with edema the 
purulent exudate is in some instances diluted so that a thin 
cloudy fluid flows from the small bronchi. In the presence 
of advanced edema of the lungs the bronchi rarely if ever 
contain purulent exudate. The underlying changes in the 
bronchi are more significant than the character of the exu- 
date found at autopsy. Nevertheless, the group of cases 
in wiiich the diagnosis of purulent bronchitis has been 
made, because small and medium sized bronchi have con- 
tained purulent or mucopurulent exudate, represents in- 
stances of readily recognizable l)ronchitis of consideral)le 
severity. 

With few exceptions, purulent bronchitis was diflfusely 
distributed in the hmgs; occasionally it was observed in 
one lung alone, and in several instances was limited to the 
bronchi at the base of a lung, usually of the left lung. 

In a consideral)le proportion of instances of purulent 
bronchitis abnormal distention of tlie lungs was noted. On 
removal from the chest the lungs fail to collapse and retain 
the size and shape of the thorax. Even after section is 
made through the organ, parts of tlie lung fail to collapse 
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and have a resistant ciislii on-like consistency. This condi- 
tion is present where the lung tissue is air containing and 
dry, and occurs when yery small bronchi contain tenacious 
mucous exudate which becomes apparent upon the cut sur- 
face after tlie sectioned lung is squeezed. Microscopic ex- 
amination shows that the alveolar ducts and infundibula 
are distended with air, though the respiratory bronchioles 
contain inflammatory exudate. Complete obstruction of 
the bronchi is followed by absorption of air from the tribu- 
tary pulmonary tissue with atelectasis. It is not improb- 
able that partial obstruction, pei-mitting the penetration of 
air with inspiration, produces distention of air containing 
tissue. 

It is furthermore probable that cyanosis, which is a con- 
spicuous feature of many instances of pneumonia following 
influenza, is referable, in part at least, to obstruction of the 
bronchi by mucopurulent exudate. 

The term pneumonia will refer to those inflammatory 
changes in the lung which are found within the alveoli ; it 
will include inflammatory changes in the alveoli surround- 
ing the respiratory bronchioles, in the alveolar ducts and 
infundibula and in their tributary alveoli. Bronchitis will 
be described by defining the changes which occur (a) in the 
small bronchi with no cartilage or mucous glands, and (&) 
in the large bronchi including the primary branches of the 
trachea. 

For convenience of description those bronchi may be 
designated small, whicli have no cartilaginous plates in 
their wall. Larger bronchi have cartilage and mucous 
glands, the latter situated in considerable part outside the 
cartilaginous plates. These bronchi, of which the largest 
are the right and left bronchi formed l)y bifurcation of the 
trachea, diminish with repeated branching to a caliber of 
about 1 mm. Small bronchi are lined by columnar ciliated 
epithelium; their wall consists of very vascular connective 
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tissue containing a layer of smooth muscle and their cali- 
ber varies approximately from 1 to 0.5 mm. It is con- 
venient to designate as respiratory bronchioles** the ter- 
minal ramifications of the bronchi; thev are lined bv a 
single layer of columnar ciliated cells passing over into 
cuboidal nonciliated epithelium and are beset with small 
air sacs lined by flat cells or epithelial plates similar to those 
of the alveoli elsewhere. Not infrequently these alveoli oc- 
cur along only one side of the bronchiole, the remainder of 
the circumference being covered by a continuous layer of 
cubical epithelium. The respiratory bronchiole by branch- 
ing along its course or at its end is continued into several 
alveolar ducts which unlike the respiratory bronchioles 
have no cubical or columnar epithelium but are closely be- 
set by alveoli lined by flat epithelial plates. The alveolar 
duct is recognized by the absence of cubical epithelium and 
the presence of bundles of smooth muscle which occur in 
the wall. The infundibula or alveolar sacs arise as 
branches from the alveolar ducts and like them are beset 
with alveoli, but smooth muscle does not occur in their 
walls. The base of the infundibulum is wider than its ori- 
fice, which Miller states is surrounded by a sphincter-like 
bundle of smooth muscle. 

Changes in the main bronchi and their primary branches 
are usually less severe than those in bronchi of smaller 
size. The epithelium is often intact, the superficial cells 
being columnar and ciliated, but not infrequently des- 
quamation of superficial cells has occurred and the lower 
layers alone remain. Occasionally (Autopsy 471) there is 
necrosis of epithelium with which, although the architec- 
ture of cells is preserved, nuclei have disappeared. Accu- 
mulation of blood or serum may separate epithelium from 
the underlying basement membrane (Fig. 1). Complete 
loss of epithelium occurs, usually in small patches. 

'•Miller, W. S.: Am. Rev. Tuberc, 1919, iii, 65. 
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cous, degenerative changes occasionally ending in necrosis 
of cells, disappearance of acini, dense infiltration of inter- 
stitial tissue with lymphoid and plasma cells and finally 
proliferation of this interstitial tissue. The duct of a mu- 
cous gland, dilated and filled with mucus, may be sur- 
rounded l)y lymphoid and plasma cells in great number. 
Acini, similarly dilated, contain mucus and are composed of 
cubical cells which have discharged their mucous content. 
In some instances {e. g,^ Autopsy 257) the cells of the acini 
have undergone necrosis; the cytoplasm stains homogen- 
eously and the nuclei have disappeared. Where necrosis 
has occurred, polynuclear leucocytes may penetrate into 
the dead cells. In association with degenerative changes 
in the acini there is abundant infiltration of the interstitial 
tissue within and al)out the glands with lymphoid and 
plasma cells. When the acini have disappeared there is 
proliferation of fibroblasts and new formation of fibrous 
tissue, and mucous glands are found in which a few 
atrophied acini are separated by newly formed fibrous 
tissue. 

AVith the bronchitis of influenza tlie small bronchi (with 
no cartilage or mucous glands) show every stage of transi- 
tion from earlv acute inflanunation characterized bv accu- 
mulation of polynuclear leucocytes within the lumen, en- 
gorgement of blood vessels, and infiltration of the wall with 
poljTiuclear leucocytes, through various stages of destruc- 
tive changes to complete disappearance of the bronchial 
wall and formation of an abscess cavitv at the site of the 
bronchus. In the early stages of acute bronchitis, hemor- 
rhage is frequently associated with the lesion. Blood may 
be abundant within the lumen of the bronchus, and in the 
mucosa red blood corpuscles often infiltrate the tissue 
around greatly distended l)lood vessels, or accumulating 
below the epithelium, separate it from its l)as(Mnent mem- 
brane. Hemorrhage is not limited to the wall of the bron- 
chus, but frequently occurs into the alveoli in a zone en- 
circling the bronchus. 
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Witli acuto bronchitis tliere may l>o (lesqiiamation of 
(»[)itli(»lial cells with partial or complete loss of epithelial 
lining. In the smallest bronchi the single layer of colmn- 
nar c(»lls may !)(> separated in places from the underlying 
tissues so that intact rows of cells are found within the 
lumen. In somewhat larger bronchi, lined by epitheliuni 
in nmltiple layers, superficial columnar ciliated cells may 
b(» lost. In some instances superficial epithelial cells ap- 
pear to have lost their cohesion and are separated by nar- 
row spaces; in these instances, pohTiuclear leucocytes are 
()ft(»n numerous between epithelial cells. Epithelium is oc- 
casionally si^parated from its basement membrane by small 
accunuilations of serum or blood. Occasionally necrosis 
of (»])ithelial cells with disappearance of nuclei is seen and 
is d()ul)tl(»ss caused by the action of bacteria; the affected 
cells may l)e raised from the underlying tissue by accu- 
niulaled serum (Autoi)sy 253). The changes which have 
b(»en (h^scribed l)ring about partial or complete loss of 
\\\o cilial(Ml lining of the bronchial tube. 

T\w s(»v(MMly of changes in the bronchial wall is in direct 
nOalion to the extent of destruction of the lining epi- 
thelium: when the ei)ithelium remains intact polynuclear 
hMKMM'vtes mav be lound in considerable number imme- 
dinlely luOow it, but as the lesion progresses, cells in great 
pnri mononuclear, namely, lymphoid and plasma cells, ac- 
iMinnilnle in large number throughout the wall of the bron- 
rhiis. There is often abundant cellular infiltration within 
nnd nhont the lunulles of the muscular coat. The changes 
MNMuno Iht' chnrneter of chronic infiammation. 

Wlu'ii the lining epithelium of the bronchus is lost, fibrin 
Innls to iUMMnuulate over the surface of the defect, to which 
il i?i lirnilv nttnched. It remains separated by a conspicu- 
oiiri rspaiM' I'rom adjacent intact ejuthelium over which it 
u\i\\ prt\ircl. This superfu'ial network of fibrin merges 
NMlh a similar ni*l\\<u-k, extending to a variable depth within 
IIh' li.sNUt*. What may well be described as coagulative 
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necrosis has often occurred, and structures, such as white 
fibrous bundles or wall of blood vessels, are marked out 
by hyaline material which merges with fibrin. AVhen the 
walls of the blood vessels which are invariably engorged 
are involved, the lumen is plugged by a fibrinous thrombus. 

Little patches of fibrin adherent to the inner surface of 
the bronchus may occur in spots where epithelium has been 
lost ; wdth uniform loss of epithelium the entire circumfer- 
ence may be lined with fibrin forming a circular zone 
occasionally quite uniform in thickness. 

Accumulations of polynuclear leucocytes doubtless bring 
about conditions which cause solution of fibrin or prevent 
its formation (when disintegration of leucocytes sets free 
leucoprotease in abimdance). The activity of the infecting 
microorganisms, usually hemolytic streptococci or staphylo- 
cocci, may cause complete necrosis of a part or all of the 
bronchial wall. The cavity which is formed may penetrate 
into lung tissue that has previously undergone pneumonic 
consolidation. 

Further changes caused by the bronchitis of influenza 
will be considered under peribronchial hemorrhage and 
edema, peribronchial pneumonia and bronchiogenic ab- 
scess. Purulent bronchitis is almost invariablv associated 
with dilatation of the bronchi, the affected bronchi being 
distended with pus. With increasing dilatation bronchiec- 
tasis becomes evident upon gross examination of the tissue, 
and is much more advanced in the small bronchi than in 
the larger cartilaginous passages. This subject will be 
further considered under bronchiectasis. 

In association with the acute bronchitis of influenza the 
epithelium of bronchi not infrequently looses its superficial 
columnar ciliated cells and assumes some of the characters 
of a squamous epithelium l)eing covered l)y polygonal or 
flat cells (Figs. 17 and 18). The condition is often de- 
scribed a ** squamous metaplasia," although it doubtless 
represents a stage of regeneration following injury rather 
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than a truf^* metaplasia. The basal cells of the epithelium 
have a cubical or ("Dloninar form: above them the cells be- 
conie polygonal an<l as the surface is approacheil, cells are 
flat and even .scale-like. The nuclei of these superficial 
cells are often lost. There is no close resemblance to the 
sfjuamous epithelium of the skin, for intercellular bridges 
are not seen. 

This change may occur within six days after onset of 
influenza, though in most instan<'es the duration of illness 
has been two weeks or more. It may affect either large 
or small bronchi, but it is more fre<|uently found in the 
latter. A\Tienever ciliateii columnar cells are lost, super- 
ficial cells teuil to become flat. Epithelium on one side of a 
bronchus may have a sfjuamous character, whereas that 
elsewhere is columnar and ciliateii. The flat epithelium may 
undergo thickening so that it is 0.1 mm. or more in thick- 
ness. It is noteworthy that regenerating epithelium grow- 
ing over a denudcil surface has the squamous character 
which has been describe*! (Plate XIV, Fig. 22). 

Bacteriology of the Bronchitis of Lnfluensa. — With the 

pneumonia of influenza, l)ronchitis is invariably present. 
Cultures have been made from the ri«:ht or left main bron- 
chus or from the very small bronchi which contained puru- 
lent exudate. A routine method of making the culture has 
been adopted. The right nmin bronchus, exposed by draw- 
ing the right lung out of the chest and toward the midline, 
was wi<lely seared with a hot knife: the bronchus was par- 
tially cut across through the seannl surface with a heated 
knife and a platinum needle inserted into the lumen. The 
bacteria obtained named in the approximate order of their 
relative l're(iu<»ncy liavr bet»n: B. influenzje, pneumococci, 
hemolytic streptococci, staphylococci (aureus and albus), 
li. coli, S. viri<laiis, M. catarrhalis, and diphthoid bacilli 
which have not Ixmmi identified. ^lixed infections occurred 
in most instances. The following list arranged by grouping 
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bacteria in the order cited above, shows how varied liave 
been the coinbinations which occur : 

B. influenzae 3 

Pncumococci 5 

8. hemolyticus 3 

Staphylococci 3 

B. coli 3 

8. viridans 1 

B. influenza, pncumococci 17 

B. influenzsB, 8. hemolyticus 18 

B. iniluenzs^ staphylococci 4 

Pneumococci, S. hemolyticus 1 

Pneumococei, staphylococci 3 

8. hemolyticus, staphylococci 4 

8. hemolyticus, B. coli 2 

Staphylococci, S. viridans 1 

B. influenzse, pneumococci, 8. hemolyticus 6 

B. influenzae, pneumococci, staphylococci 15 

B. influenze, pneumococci, 8. viridans 2 

B. influenzae, 8. hemolyticus, staphylococci 16 

B. influenzae, 8. hemolyticus, M. catarrhalis 

B. influenzae, staphylococci, 8. viridans 

Pneumococci, 8. hemolyticus, staphylococci 

Staphylococci, B. coli, 8. viridans 

B. influenzae, pneumococci, 8. hemolyticus, staphylococci 

B. influenzae, pneumococei, staphylococci, M. catarrhalis. 

B. influenzae, S. hemolyticus, staphylococci, B. coli 

P. influenzae, 8. hemolyticus, staphylococci, 8. viridans 

B influenzae, 8. hemolyticus, staphylococci, M. catarrhalis 

B. influenzae, staphylococci, 8. viridans, M. catarrhalis 

B. influenzae has been present in th(» bronchi in 79.3 per 
cent of instances of pneumonia referable to influenza. Com- 
binations w^hich have been found most frequently are B. 
influenzae and pneumococci (17 instances), B. influenzae and 
hemolytic streptococci (18 instances), or the same combina- 
tions with staphylococci, namely, B. influenzae, pneumococci 
and staphylococci (15 instances), and B. influenzae, hemo- 
lytic streptococci and staphylococci (16 instances). There 
is little doubt that B. influenzae was not identified in some 
instances in which it was present; when other microorgan- 
isms are very numerous its inconspicuous colonies may be 
overgrown even though the presence of pneumococci, strep- 
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tococci or staphylococci tends to increase the size of its col- 
onies. Moreover, it is not improbable that the microorgan- 
ism may disappear from the bronchi. Comparison with 
observations made upon influenza suggests that multiple 
methods of examination might liave demonstrated a much 
higher incidence of B. influenzae. Throat cultures alone 
made during life demonstrated the presence of B. influenzae 
in only 65.7 per cent of patients with acute influenza, 
whereas when cultures were made from the nose, throat 
and sputum, and a mouse was inoculated with sputum from 
each patient, B. influenzae was found in every instance. 
After the acute stage of the disease had passed, the num- 
ber of microorganisms diminished, and in many instances 
B. influenzae disappeared from the upper air passages. In 
some of our autopsies B. influenzae doubtless present dur- 
ing life has similarly disappeared before death due to 
pneumonia caused by pneumococci or streptococci. In ^dew 
of these considerations it is not improbable that B. influ- 
enzae demonstrated by a single culture in 80 per cent of 
instances has been constantly present. 

Table XXVIII represents the incidence of pneumococci, 
hemolytic streptococci, staphylococci, and B. influenzae in 
the bronchi, lungs and blood of those individuals with pneu- 
monia in whom bacteriologic examination has been made at 
autopsy. The numbor of cultures made from the bronchi, 
lungs or blood of the heart is given in the second column 
of the table and in other columns are given the incidence in 
number and percentage of the microorganisms which have 
been mentioned. 

Table XXVIII 
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Cultures from the bronchus represent the bacteriology 
of the bronchitis of influenza. Infection of the lung fol- 
lowing influenza doubtless occurs by way of the bronchi, 
so that the bacteria which cause pneumonia are present in 
the bronchi before they enter the lung tissue. The figures 
in Table XXVIII, similar to those previously cited, show 
the high incidence of B. influenza?, and the occurrence of 
pneumococci, hemolytic streptococci and staphylococci each 
present in approximately half of all autopsies. 

The figures in Table XXVIII are an index of the capacity 
of the microorganisms wliich enter the bronclii to invade 
the lungs and finally the blood. Pneumococci were pres- 
ent in the bronchi in 46.3 per cent of instances, in the lungs 
in only slightly less, and in approximately 40 per cent of 
autopsies they had penetrated into the blood. Hemolytic 
streptococci enter the bronchi with tlie same frequency and 
exhibit an equal ability to penetrate into the lungs and 
blood. Staphylococci enter the bronchi in half of these in- 
dividuals, but penetrate into the lungs in only a fourth of 
the instances. They have entered the blood only once (Au- 
topsy 263) in this instance in association with hemolytic 
streptococci. B. influenza? has been present in the bronchi 
in approximately 80 per cent of autopsies. It is notewor- 
thy that it has been found in the lung in little more than 
half this percentage of instances and has entered the blood 
only once (Autopsy 474), in this instance in association with 
hemolytic streptococci. 

In a limited number of autopsies there was purulent 
bronchitis recognized by the presence of mucopurulent ex- 
udate in small bronchi. It has been stated that this group 
of cases is not sharply separable from other instances of 
bronchitis, because in some cases death has occurred before 
a purulent exudate has accumulated or in other instances 
a purulent exudate has been displaced by edema. Table 
XXIX shows the bacteriology of instances of purulent 
bronchitis : 
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face, fibrinous plugs in the bronchi and, on microscopic ex- 
amination, homogeneous consolidation and fibrinous plugs 
within the alveoli. AVith confluent lobular consolidation of 
bronchopneumonia the consolidated area is in most cases 
obviously limited by lobule boundaries, and well-defined 
lobules of consolidation occur elsewhere in the lungs. 

Lobar pneumonia occurred in 98 among 241 instances of 
pneumonia following influenza, namely, in 40.7 per cent of 
autopsies. 

The difficulty of separating lol)ar and bronchopneumonia 
following influenza has been increased by the frequent com- 
bination of the two lesions in the same indi\ddual. There 
were 34 instances in which lobar and bronchopneumonia 
occurred together. The anatomic diagnosis of lobar pneu- 
monia was made only when lobes or parts of lobes were 
firmly consolidated and exhibited the characters of the le- 
sion enumerated above ; in several instances, in which there 
was some doubt concerning the nature of the lesion, micro- 
scopic examination was decisive. The associated broneho- 
pneumonic lesions represented all the types which have 
been associated with influenza. In the group of 34 cases of 
coexisting lobar and bronchopneumonia, lobular consolida- 
tion occurred 10 times, peribronchiolar consolidation 14 
times (recognized in all but 4 instances by microscopic ex- 
amination), hemorrhagic peribronchiolar consolidation 9 
times, peribronchial pneumonia 4 times. The intimate re- 
lation of these lesions to changes in the bronchi is well 
shown by the frequent presence of purulent bronchitis. 
The associated lesions of the bronchi in these cases were as 
follows : purulent bronchitis in 23 instances ; peribronchial 
hemorrhage in 6; bronchiectasis in 11. The frequency of 
purulent bronchitis and other bronchial lesions in associa- 
tion with coexisting 161)ar and bronchopneumonia is in 
sharp contrast with the occurrence of these lesions in asso- 
ciation with lobar pneumonia alone; with 69 instances of 
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lobar pneumonia alone purulent bronchitis occurred 17 
times and bronchiectasis once. 

Lobar pneumonia following influenza passes through the 
usual stages of red and gray hepatization. Red hepatiza- 
tion was found 16 times, combined red and gray hepatiza- 
tion 28 times, and gray hepatization 20 times. The average 
duration of pneumonia with red hepatization was 3.7 days, 
^vith combined red and gray hepatization 5.1 days and w^ith 
gray hepatization 7.5 days. These figures, it will be shown 
later, have some imjiortance in relation to the stage at 
which hemolytic streptococcus infects lungs the site of 
lobar pneumonia. 

Bacteriology of Lobar Pneumonia. — Table XXX is com- 
piled with the purpose of determining the bacteriology 
of the bronchi, lungs and heart's blood in autopsies 
performed on individuals with lobar pneumonia. In some 
instances bacteriologic examination of one or other of these 
organs was omitted; the percentage incidence is an index 
of the presence of pneiunococci, hemolytic streptococci, 
staphylococci or B. influenzjc in the l)ronchi, lungs or 
heart's blood and measures the invasive power of these mi- 
croorganisms during the course of lobar pneumonia fol- 
lowing influenza. 

Table XXX 
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Pneumococci, the rocogiiizod cause of lobar pneumonia, 
were found in tlio lungs in 73.»5 ])or edit of autopsies; fail- 
ure to ihul the inicroorganism in all instances is doubtless 
the result of its disappearance from the lung, which, it is 
well known, occurs not infrociuently particularly during 
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the later stages of tlie disease. In G5.5 per cent of instances 
of fatal lobar pneumonia pneumococci have entered the 
heart's blood. 

Hemolytic streptococci unlike pneumococci ^vere found 
more frequently in the bronchi than in the lungs; this mi- 
croorganism which exhibits little tendency to disappear, 
once it has established itself within the body, found en- 
trance into the bronchi in 31.8 per cent of instances of lobar 
pneumonia and in 24.5 per cent entered the lungs. Its inva- 
sive power is further illustrated by its penetration into the 
heart's blood approximately in half this proportion of au- 
topsies. 

Staphylococci enter the bronchi in many instances (50 
per cent), but relatively seldom (15.1 per cent) invade the 
lung and rarely if ever penetrate into the blood. 

The high incidence, namely, 84.1 per cent, of B. influenzae 
in the bronchi is particularly noteworthy; it exceeds that 
of pneumococci, the well-recognized cause of lobar pneu- 
monia, wutliin the lung. It is found much less frequently 
^vithin consolidated lung tissue and shows no tendency to 
invade the heart's blood. B. influenzae finds the most fa- 
vorable conditions for its multiplication within the bronchi. 

In view of the frequent occurrence of coexisting lobar 
and bronchopneumonia it has appeared desirable to de- 
termine how far the existence of obvious bronchopneumonia 
modifies the bacteriology of lobar pneumonia. In Table 
XXXI the incidence of pneumococci, liemolytic streptococci, 
staphylococci and B. influenzae after deatli with lol)ar pneu- 
monia on the one hand is compared with their incidence 
after combined lobar and l)roncliopneumonia on the other. 

Pneumococci are found in the lung more frecpiently with 
lobar than vnth combined lobar and bronchopneumonia. 
The incidence of hemolytic streptococci and of staphylo- 
cocci in the lung is on tlie contrary higher wlien broncho- 
pneumonia is associated with lobar pneumonia. It is not 
improbable that these microorganisms have a part in the 
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jHoiJu^'tioi] of a><*x*iat«-*l lirdiielioimeumoiiia. The fre- 
^jw'Mjcy with wliir-li micro* »riraiii?ins invade the blood is al- 
jjiost id*^iiti<'al ill the two jrroup?. 

Th*' rvhitive ficH|ut'iH-y with whidi diflFerent types of 
]:iii^uiiio('iK:<'\ prrnlm-e lohar jmeuinoiiia under the conditions 
<'\i>tiij;: when Camp Pik<* was attacked by an epidemic of 
iiifliKMjza is indicated l»v Table XXXIl in which in- 
stances of lobar jincuuionia alone and of combined lobar 
and hroijchopuenmonia are liste^l separately. 

Pn(*um(K-o('cus I and II, which are found approximately 
irj two-thirds of instances of lobar ]meumonia occurring in 
citic^s, have an iiisi*:iiificant part in the production of these 
l<*si<)ns. Pn(»iuiuK'occus IV and atypical Pneumococcus II, 
which are conniiordy found in the mouth, are the predom- 
inant cause of thes(* lesions, and with Pneumococcus III, 
also an inhabitant of the mouths of normal individuals, 
have be(»n the cause of two-thirds of all instances of lobar 
pneumonia observed in this camp. 
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Table XXXII 
With Lobar Pneumonia 
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Tliore is no noteworthv (liflfereiice in tlio occurrence of 
these types of pneuniococci ainon^ instances of lobar pneu- 
monia, on the one hand, and of combined lobar and broncho- 
pneumonia, on the other. Different types exhibit no note- 
worthy differences in their ability to penetrate into lungs 
and blood. 

Hemolytic Streptococcus with Lobar Pneimionia. — There 
can be no doubt that the concurrent infection with 
microorganisms other than pneumococcus modifies the 
progress of lobar pneumonia. AVith lobar pneumonia alone 
hemoh^tic streptococci have entered the l)ronchi in 30 \^\ 
cent of instances and have penetrated into the lungs in 20.6 
per cent; with associated lobar and bronchopneumonia the 
same microorganism has entered the bronchi in 34.3 per 
cent of instances and invaded the lung in 31.(5 ])er cent. 
Hemolytic streptococci are the only microorganisms other 
than pneumococci which, in association with lobar pneu- 
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moiiia, have foiiiul their way from the lungs to the blood 
stream; more tlian oiie-tliird of all instances of lobar pneu- 
monia in which hemolytic strei)tococci find entrance into 
the bronchi die with streptococcus septicemia. 

Separation of instances of lobar pneumonia into groups 
on the basis of the occurrence of red or gray hepatization 
shows that infection with hemolytic streptococcus is more 
likely to occur during the early stages of the disease. The 
average duration of lobar pneiunonia with red hepatization 
has been 3.7 days, with red and gray hepatization, 5.1 days, 
and w^ith gray hepatization, 7.5 days. Infection wnth hemo- 
lytic streptococcus has occurred in association with red or 
gray hoi)atization as shown in Table XXXIII. 

Table XXXIII 
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Notwithstanding the longer duration of the disease and 
consequent prolongation of exposure to infection, lobar 
pneumonia, which has reached the stage of gray hepatiza- 
tion, has shown the smallest incidence of infection with 
hemolytic streptococci. In the stage of gray hepatization 
tliere is diminished susceptibility to secondaiy infection 
with this microorganism. 

Characterstic histologic changes have been found in the 
lungs of those who have died with lobar pneumonia fol- 
lowed by invasion of lungs and blood by hemolytic strepto- 
cocci (('.//.. Aulopsic^s 27o, 430), but with no evidence of 
supimration found at autopsy. Within the pneumonic 
lung occur i)atcli(*s of necrosis im])licating both exuded 
cells and alveolar walls; in some places nuclei have 
disappeared; elsewhere nuclear fragments are abundant. 
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In these patches of necrosis Gram-positive streptococci in 
short cliains oeoiir in immense number. In some instances 
(e.g., Autopsies 273, 346, 479) interlobular septa are very 
edematous and often contain a network of fibrin; lymphat- 
ics are dilated and contain polynuclear leucocytes in abun- 
dance. Streptococci are found within these lymphatics. 
The histologic changes which have been described repre- 
sent the earliest stages of absces-s formation and interstitial 
suppuration, lesions almost iiivarialdy caused by hemolytip 
streptococci. 

Relation of Lobar Pneumonia to Influenza. — Some writ- 
ers have suggested that lobar ]ineunionia, heretofore ob- 
served during the course of epidemics of influenza, is an 
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monia, have found their way from tlie lungs to the blood 
stream; more than one-third of all instances of lobar pneu- 
monia in whicli hemolytic streptococci find entrance into 
the bronchi die witli streptococcus septicemia. 

Separation of instances of lobar pneumonia into groups 
on the basis of the occurrence of red or gray hepatization 
shows that infection with hemolytic streptococcus is more 
likely to occur during the early stages of the disease. The 
average duration of lobar pneumonia with red hepatization 
has been 3.7 days, with red and gray hepatization, 5.1 days, 
and with gray hepatization, 7.5 days. Infection w^itli hemo- 
lytic streptococcus has occurred in association with red or 
gray hepatization as shown in Table XXXIII. 

Table XXXIII 
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Notwitlistanding the longer duration of the disease and 
consequent proh)ngation of exposure to infection, lobar 
pneumonia, which has reached the stage of gray hepatiza- 
tion, has shown the smallest incidence of infection witli 
liemolytic stre])tococci. In the stage of gray hepatization 
tliero is diminished susceptibility to secondary infection 
with this microorganism. 

Characterstic histologic changes have been found in the 
lungs of those who have died with lobar pneumonia fol- 
lowed by invasion of lungs and blood by hemolytic strepto- 
cocci {c.ff,, Autopsies 273, 430), Init with no evidence of 
suppuration found at autopsy. AVithin the pneimionie 
lung occur patches of n(»crosis implicating both exuded 
cells and alveolar walls; in some places nuclei have 
disappeared; elsewhere imclear fragments are abutidant. 
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In tliese patches of necrosis Gram-positive streptococci in 
short chains occur in immense number. In some instances 
{e.g.. Autopsies 273, 34G, 479) interlobular septa are very 
edematous am! often contain a iietwork of fibrin; lymphat- 
ics are dilated and contain polynnclear leucocytes in abun- 
dance. Streptococci are found within these lymphatics. 
The Jiistologic changes M'hieh have been described repre- 
sent the earliest stages of abscess fornuition and interstitial 
suppuration, lesions almost invariably caused l)y hemolytic 
streptococci. 

Relation of Lobar Pneumonia to Influenza. — Some writ- 
ers have suggested that hibar inicunnmia, heretofore ob- 
served during the course of epidemics of influenza, is an 
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iiidepoiident disease with no relation to influenza, both dis- 
eases being referable perhaps to similar meterologic or 
other conditions. Chart 2, Avhieh shows by weeks from 
Septenil)er 1 to October 31 the relation of deaths from lobar 
pneumonia (indicated by double hatch) to deaths from all 
forms of pneumonia, disproves this suggestion. The two 
curves follow parallel courses; that representing lobar 
pneumonia reaches a maximum approximately one week 
after the outbreak of influenza had reached its height. Lo- 
bar pneumonia, like other forms of pneumonia, was second- 
ary to influenza. AVhen a chart is plotted to represent the 
dates of onset of fatal cases of lobar pneumonia (indicated 
by single hatch in Chart 2), it becomes e^ndent that the 
gn^atest number of these cases of pneumonia had their on- 
set at the beginning of the influenza epidemic, approxi- 
mately one week before it reached its height. Fatal lobar 
pneumonia developed less frequently in the latter part of 
the epidemic; to obtain an explanation of this relation it is 
necessarj^ to cliart separately cases of lobar pneumonia with 
secondary streptococcus infection, for we have already 
learned that streptococcus infection w^as thfj predominant 
cause of deatli in the early period of the influenza epidemic. 
P]xclusion of these instances of secondary streptococcus in- 
fection makes no noteworthy change in the character of the 
chart. Fatal lobar pneumonia, like all forms of fatal 
pneumonia (p. 140), was more frequent in the first half 
than in the second half of the epidemic. This differ- 
(»nce is referal)le either to greater ^arulence of the virus of 
influenza or to the greater susceptibility of those first se- 
l(M*t(Kl l)y the disease or, as more i)robable, to conditions 
such as crowding together of patients with influenza, favor- 
ing the transmission of microorganisms which cause pneu- 
monia. 

Bronchopneumonia 

For the ])urpose of the present study it is convenient to 
group together instances of bronchopneumonia which have 
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been unaccompanied, on tlie one hand, by lobar pneumonia 
(p. 155) or, on tlie otlier hand, by suppuration, whicli with 
few exceptions is caused by hemolytic streptococci or by 
staphylococci. A group of cases in which lobar and bron- 
chopneumonia have occurred in the same individual have 
already been considered. In many instances, bronchopneu- 
monia is accompanied by abscess formation or by some 
other form of suppuration; these lesions will be discussed 
elsewhere. 

Bronchopneumonia unaccompanied by lobar pneumonia 
or by suppuration occurred in 80 autopsies. 

Pneumonic consolidation distributed with relation to the 
bronchi exhibits considerable variety, and an attempt to 
define a type of bronchopneumonia characteristic of influ- 
enza would be futile. Nevertheless, the bronchopneumonia 
of influenza has in many instances distinctive characters. 

Lesions of bronchopneumonia which are frequently 
found in the autopsies under consideration may be con- 
veniently designated by descriptive terms, indicative of 
their location in the lung tissue. These lesions, of which 
two or more often occur in the same lung, are : 

1. Peribronchiolar consolidation with which the inflam- 
matory exudate is limited to the alveoli in the immediate 
neighborhood of the bronchioles. 

2. Hemorrhagic peribronchiolar consolidation in which 
gray patches of peribronchiolar pneumonia occur upon a 
deep red background produced by hemorrhage into alveoli. 
PfeiflFer believed that this lesion was characteristic of in- 
fluenza. 

3. Lobular consolidation with which consolidation is lim- 
ited to lobules or groups of lobules. 

4. Peribronchial pneumonia with which small bronchi are 
encircled by pneumonic consolidation. 

Each one of these lesions will be discussed separately. 
Following is a list of the bacteria which have been iso- 
lated from the consolidated lung of individuals with bron- 
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chopncumonia unaccompanied by lobar pneumonia or by 
suppuration : 

H. influenzs^ 1 

iMit'uniocooci 5 

S. lieniolyticus 5 

H. viridans 1 

H. influenziPy pneumoecK'i'i 9 

li. influenzse, 8. heniolyticus 4 

B. influeuztPy Htaphylocooei 4 . 

PiK'uniococei, S. henioh-ticus 1 

Fneuniococei, staphylococci 2 

H. hemolyticus, stapliylcK'occi 1 

8. hcmolvticus, B. coli 1 

Staphylococci, 8. viridans 1 

8taphyIoco<fci, B. coli 1 

B. influeiizv, pneumm'occi, staphyloccK'ci 1 

B. influen?^, piieuin(»c(H*ci, 8. viritlaus 1 

B. inlluciiza?, 8. hemolyticus, staphylococci 2 

B. influenzae, pncuniococci, staphylococci, 8. viridans 1 

No microor^nisnis found 6 

47 

Tlie similarity of this list to that representing the bac- 
teriology of l)roiicliitis is evident; there is the same multi- 
l)licity of microorganisms and the frequent occurrence of 
mixed infections. B. influenza? is much less frequently 
found in the lung. The relative pathogenicity of the large 
group of microorganisms enumerated above is better indi- 
cated by the foHowing list which shows what microorgan- 
isms have penetrated into the blood in autopsies performed 
on individuals with bronchopneumonia: 

Pncuniococci 20 

8. hcmolvticus 23 

8. viridans 1 

Pncuniococci, 8. hcmolvticus 2 

No bacteria found 25 

Total 71 

Table XXXIV shows the ])erceiitage incidence of pneu- 
niococcus, hemolytic streptococcus, staphylococcus and 
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B. influenzae in the bronchi, lungs and blood and is in- 
serted for comparison with the similar table (Table XXX) 
showing the incidence of these bacteria in lobar pneumonia. 



Table XXXIV 



« 




PNEUMO- 


HEMOLYTIC 


STAPHYLO- 


B. INPLU- 




o ^ 


COCCI 


STREPTOCOCCI 


COCCI 


ENZJS 




NO. 
POSITIVE 


PER CENT 
POSITIVE 


NO. 

POSITIVE 


PER CENT 
POSITIVE 


NO. 
POSITIVE 


PER CENT 
POSITIVE 


NO. 
POSITIVE 


PER CENT 
POSITIVE 


Bronchus 


37 


19 


48.6 


13 


35.1 


22 


59.5 


28 


75.7 


Lung 


47 


20 


42.6 


14 


29.8 


13 


27.7 


23 


48.9 


Blood. 


70 


22 


31.4 


24 


34.3 











Table XXXIV shows that pneumococci have a less impor- 
tant part in the production of broncho than of lobar pneu- 
monia; Avith lobar pneumonia this microorganism was found 
in the lungs in 77.3 per cent of instances and in the blood, in 
65.5 per cent, whereas with bronchopneumonia it was found 
in the lungs in 42.6 per cent and in the blood in 31.4 per cent. 
Hemolytic streptococci (in lungs and blood) and staphylo- 
c^ci (in lungs), on the contrarj^ were more common with 
broiichopneumonia, and doubtless have a part in the pro- 
dtiction of the lesion. Streptococcus viridans, B. coli and 
Mn catarrhalis, which are not infrequently found in the 
bronchi (p. 151), occasionally enter the lungs with bron- 
chopneumonia but are rarely found wnth lobar pneumonia. 
B. influenza* has been found in loss than 80 per cent of 
iiistances in the bronchi and in about half of the lungs, 
maintaining an incidence approximately the same as that 
with lobar pneumonia. 

Table XXXV shows the types of pneumococci found in 
association with bronchopneumonia and is inserted for 
comparison with the similar table (Table XXXII) show- 
ing types of pneumococci with lobar pneumonia. 

With broncho as w^ith lol)ar pneumonia pneumococci com- 
monly found in the mouth, namely, atypical IT, and Types 
III and rV, have a more important part in production of the 
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Table XXXV 
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14 


37.8 


Lun^ 


47 


2 


4.3 


2 4.3 


2 4.3 


2 


4.3 


12 


25^ 


Blood 


70 


1 1.4 


1 1.4 


5 ' 7.1 


4 5.7 


11 


1SJ9 



lesion than the so-called fixed types, I and 11. Atypical 
Pncumoeoecus II has been less fre<:iucntly encountered with 
broncho than with lobar pneumonia. 

Peribronchiolar Consolidation. — In many instances of 
bronchopneumonia, usually in association with lobular or 
confluent consolidation, small firm nodules of consolidation 
are clustered about the bronchioles (Fig. 2). Tliese nodu- 
lar foci of consolidation are usually 1.5 to 2 mm. in diam- 
eter, being sometimes slightly smaller or slightly larger. 
They are usually gray and occasionally surrounded by a 
red halo; sometimes they are yellowish gray. They are 
clustered about the smallest br(mchial tubes to form groups 
which are from 0.5 to 1 cm. across. A group of nodular 
foci of consolidation occupies the central part of a lobule of 
lung tissue. AVhen pneumonia has been of short duration 
these foci are fairly soft and not sharply defined, and in 
many instances this form of broncliopneumonia is first rec- 
ognized by microscopic examination. When the disease has 
lasted from ten davs to two weeks, the consolidated nodules 
are very firm and sharply circumscribed, closely resem- 
bling tubercles. When they have assumed this character, 
microscopic examination shows that chronic changes indi- 
cated by now formation of interstitial tissue have occurred. 

Tlie lesion may be desigiiatiMl jxM'ibroncbiolar consolida- 
tion. It has occuri'iMl usually in association with other tyx>es 
of pneumonic lesion in (Jl instances, I)eing recognized at 
autopsy in 18 and by microscopic examination in 43, 



PATITOLOGY and BAfTERIOLOnY FOLLOWISC IXFLUENZA 167 




u 



108 PXEUMOXLVS AXD IXFECTIOXS OF RESPIRATORY TRACT 

In association with this lesion there are ahnost invari- 
ably severe lesions of the bronchi. Purulent bronchitis was 
noted in 47 of the 61 instances, in which this nodular bron- 
cliopneunionia was found at autopsy. An index of the se- 
verity of the l)ronchial injury is the frequency with which 
bronchiectasis has occurred; dilatation of small bronchi 
was observed in 24 instances. In 10 instances the bronchi 
were encircled l)y conspicuous zones of hemorrhage. 

In association with this peribronchiolar lesion the lung is 
often voluminous and fails to collapse on removal from the 
chest. Pressure upon the lung squeezes from the smallest 
bronchi, both in tlie neighl)orhood of the nodular consolida- 
tion and elsewhere, a droplet of viscid, semifluid mucopuru- 
lent material. The presence of tliis .tenacious material 
tlirougliout the small bronchi doul)tless explains the failure 
of the lung tissue to collapse. Interstitial emphysema has 
been present in some of these lungs. 

A red zone of hemorrhage has occasionally been observed 
about the foci of peril)ronchiolar pneumonia. A further 
stag(» in the same i)rocess is represented by hemorrhage 
into all of the alveoli separating tliese patches of consolida- 
tion. This hemorrhagic lesion, which will be described in 
more detail later, has been found repeatedly in the same 
lung with ])(»ril)ronehiolar pneumonia, being present in 8 
among the (51 autopsies cited. Lobular bronchopneumonia 
accompanied the pi^ribronchiolar lesion 27 times and lobar 
imeunumia accompanied it 20 times. 

AVIien an al)scess caused l)y hemolytic streptococcus is 
associated with peribronchiolar pneumonia, empyema is 
])reseiit, but otherwise pleurisy is absent or limited to a 
scant librinous exudate. 

llist()los»:ic examination demonstrates verv clearlv the re- 
lation of tliis h^sion to the bronchioles (Fig. 3). These 
l)assages are filled and distended with an inflammatory ex- 
udate consisting: almost entirelv of polvnuclear leucocvtes. 
Tlie resj)iratory l)ronchioles are beset with alveoli often 
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limited to one side of the tubule and these alveoli are filled 
with leueocv'tes. The alveolar ducts, distinguishable from 
the bronchioles by the absence of columnar or cubical epi- 
thelium aud by possession of smooth muscle, are similarly 
filled with leucocytes; tlie numerous alveoli which form the 
walls of the alveolar ducts are distended by an inflanuna- 
tory exudate. In sections whicli pass through an alveolar 




cent alveol are filted hy iwlynuclear leucocytes Auo|iy 3! 



duct and one or more of its infundibula, the further exten- 
sion of the lesion may be determined (Fig. 4). The infun- 
dibulum in proximity with the alveolar duct contains poly- 
nuclear leucocytes and the same cells are seen in the alveoli 
whicli here form its wall, but the intensity of the inflamma- 
tory reaction diminislies toward the periphery, so that the 
distal part of the infundibulura, which is much distended 
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Lie /.nni' is eoTiiiiiiieil from tile broiK'hus over the 
iillamiiiatiori wliifh suiToiiiids the hroncliiole. 
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Another variation in the character of the lesion is douht- 
less referable to variation in the severity of primary bron- 
chial injury. Alveoli inimocliately snrroundinj? small bron- 
chi are filled with dense plugs of fil)rin. The alveoli which 
beset the walls of tlie bronchioles contain fibrin, but the 
alveolar duct and its tril)utary alveoli are filled with poly- 
nuclear leucocytes. 

The bacteria which have been cultivated from the lung in 
autopsies with peribronchiolar pneumonia are as follows: 

Fneumocoecus 5 

8. hemolyticas 8 

B. influenzae, pncumococcus 5 

B influenz®^ 8. hemolyticus 7 

B. influenziB, staphylococcus 1 

Fneumocoecus, staphylococcus 2 

8. hemolyticus, staphylococcus 2 

B. influcnzs, pncumococcus, S. hemolyticus 2 

B. iufluenzce, pncumococcus, staphylococcus 1 

B. influenzae, 8. hemolyticus, staphylococcus 2 

Fneumocoecus, 8. hemolyticus, staphylococcus 3 

No organism 3 

Total 41 

The following list which shows the bacteria found in the 
blood is an index to the pathogenicity of pneumococci and 
hemolytic streptococci : 

Pncumococcus 22 

8. hemolyticus 20 

Pncumococcus, 8. hemolyticus 1 

No organism 14 

Total 57 

The percentage incidence of pncumococcus, hemolytic 
streptococcus, staj^hylococcus and B. inttuenza* in bronchus, 
lung and blood, given in Table XXXVI, is inserted to 
indicate with what r(»adiii(\ss (*ach one of these microorgan- 
isms passes from the bronchus through the lung into the 
circulating blood, 
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Table XXXVI 



Bronchus 

Lung 

Blood 



PNEUMOCOCCUS 

43.9% 
40.3% 



HEMOLYTIC 
STREPTOCOCCl^S 



STAPHYLO- 
COCCUS 



57.7% 
61.0% 
36.8% 



60.6% 

21.9% 

0. % 



B. IKFLUENZA 



84.8% 

43.9% 
0. % 



B. iiifluenzaB is present in the bronchi in a very large pro- 
portion (84.8 per cent) of those in whom this type of bron- 
chopneumonia has been found at autopsy ; it is much less 
frequently recovered from the lungs. Staphylocgeci, in 
part S. albus and in part S. aureus, are less frequently 
found in the bronchi and are recovered from the luiijfs in a 
relatively small proportion of autopsies. The percentage 
incidence of pneumococci and streptococci in lungs and 
blood demonstrates the pathogenicity of these microorgan- 
isms, for whereas pneumococci and hemolytic streptococci 
are found in the consolidated lungs in 43.9 and 61.0 per 
cent of instances of the lesion respectively, they make their 
way into the blood in 40.3 and 36.8 per cent of instances. 

Coexisting infection with pneumococci and hemolytic 
streptococci has been not unconunon e. g., Autopsy 275 in 
which both were in the blood; in 2 instances (Autopsies 333 
and 378) in which pneumococci were obtained from the 
blood, hemolytic streptococci were found in the lungs and 
bronchi; in 3 instances (Autopsies 258, 273 and 445) in 
which hemolytic streptococci were i)resent in the blood, 
l)neumococci were obtained from the lungs. 

In the group of autopsies under consideration, examina- 
tion of the sputum was made during life and after onset of 
pneumonia in 11 instances. The microorganisms found in 
the sputum and at autopsy were as follows : 
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inf. 


Pnoum. atyp. II 
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Pnruni. atyp. II 




Pnoum. . II 
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285 


Pnoum. atyp. II, B. 


Inf. 


S. hem., B. inf. 






288 


S. hem., B. inf. 




S. hem., B. inf. 
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IN BLOOD, LUNGS OR BRONCHUS 
SPUTUM AT AUTOPSY 

Autopsy 291 Pneum. IV, B. inf. Staph., B. inf. 

300 Pneum. atyp. IT, B. inf. Pncum. atyp. II, B. inf. 

312 Pneum. IV, S. hem., B. inf. S. hem., B. inf. 

346 Pneum. IV, B. inf. S. hem., B. inf. 

Ill 2 instances (Autopsies 285 and 346) among this small 
group of cases, pneumococci but no hemolytic streptococci 
were found in the sputum several days before death, 
whereas death occurred as the result of secondarv invasion 
with hemolytic streptococci and no pneumococci were found 
at autopsy. It is probable that this sequence of events is 
not uncommon. B. influenza* finds its way into the bronchi 
and pneumococci follow it; pneumonia limited to peribron- 
chiolar alveoli may occur in consequence of this invasion. 
Later hemolytic streptococci may follow the same path and 
cause death with bacteremia. 

Hemorrhagpic Peribronchiolar Consolidation. — Peribron- 
chiolar pneumonia accompanied by diffuse accunmlation 
of blood within the alveoli is one of the most frequent com- 
plications of influenza. The lung tissue is laxly consoli- 
dated, and on section there is a homogeneous dull deep red 
background upon which are seen small gray spots (1.5 to 2 
mm. in diameter) grouped in clusters about the smallest 
bronchi (Fig. 5). Wide areas of lung tissue are implicated 
and the lesion is more common in the dependent parts of 
the lung than elsewhere. In conmion with other forms of 
bronchopneumonia the lesion is in most instances associ- 
ated with changes in the bronchi ; in 55 instances of hemor- 
rhagic bronchiolar imeumonia purulent bronchitis was 
found in 43 instances; it is noteworthy that puruh^it bron- 
chitis often is not evident in the presence of pulmonary 
edema and edema is not infrequent with this pneumonic 
lesion. 

Microscopic examination demonstrates the presence of 
acute bronchitis; the lumina of the small bronchi contain 
polynuclear leucocytes and red blood corpuscles. Accumu- 
lation of blood may separate the epithelium from the base- 
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ineiit inpiiiliraiK'. The iimcosa innuediatoly below the epi- 
thcliuiri coiitaiihs polynuclear leucocytes in fair abundance 
and the bhK)d vessels of the bronchial wall are much en- 
Korjfcd. Respiratory bronchioles are distended with poly- 
nuclear leucocytes and red blood corpuscles. In a zone 
about each bronchiole, in areas corresponding to the small 
gray spots seen upon the cut surface of the lung, the alveoli 
are tilled with polynuclear leucocytes. In the lung tissue 
intervening between these spots of leucocytic pneumonia 
the alveoli arc distended with red blood corpuscles. 




In favorable sections it is occasionally possible to follow 
the bronchiole and alveolar duct, both filled with leuco- 
cytes, into an infundibnluni. The proximal part of the in- 
fundibuluni contains jiolynuclear leucocytes, Avhereas the 
distal ])art and its tributary alveoli are filled with serum 
and red blood corpuscles. 

When the lesion has persisted for a short time there is 
I'vldcnce of Ix'jfinning niifrialioii of polynuclear leucocytes 
from tlie blood vessels into the alveoli which are tilled with 
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blood. The alveolar walls contain numerous polynuclear 
leucocytes and leucocytes which have entered the intraal- 
veolar blood are numerous in contact w ith the wall but occur 
in scant number in the center of the alveolar lumen. 

Alveolar epithelium in contact with the blood in the lu- 
men is usually swollen and often uniformly nucleated. 

The inflammatory process is evidently transmitted from 
the bronchioles and to a less degree from the small bronchi 
to the adjacent alveoli. Polynuclear leucocytes fill the lu- 
men of the bronchiole and the alveoli immediately adja- 
cent; at the periphery of the focus of pneumonia, the alve- 
oli may contain fibrin. In such instances small bronchi 
(lined by a continuous layer of columnar epithelial cells) 
PMiy be surrounded by alveoli containing fibrin. 

In sections from one part of the lung, the alveoli between 
the peribronchiolar foci of pneumonia may be uniformly 
filled with red blood corpuscles, whereas in sections from 
another part pneumonic foci may be surrounded by a zone 
of intraalveolar hemorrhage or of hemorrhage and edema 
outside of which some air-containing tissue occurs. There 
are transitions between this halo of intraalveolar hemor- 
rhage and edema surrounding each bronchiolar focus and 
complete hemorrhagic infiltration of all intervening alveoli. 

Large mononuclear cells are occasionally fairly nimier- 
ous w^ithin the alveoli containing blood. These cells act as 
phagocytes ingesting red corpuscles, so that at times they 
are filled wnth corpuscles. Disintegration of red corpuscles 
occurs and brown pigment remains within the cell. It is 
not uncommon to find numerous mononuclear pigment con- 
taining cells which resemble those found with chronic pas- 
sive congestion of the lungs. 

Lungs, the site of hemorrhagic peril)ronchiolar pneumo- 
nia, may undergo chronic changes which will be described 
elsewhere. 

The lesion which has been designated hemorrhagic peri- 
bronchiolar pneumonia is that which I^feiffer regarded as 
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the characteristic type of influenzal pneumonia. In the 
small bronchi containing pus and in lung* tissue, PfeifFer 
states, influenza bacilli are predominant and present in as- 
tonishing number in smear preparations. The demonstra- 
tion of B. influenza* by cultures from pneumonic lung is 
mentioned bv him but its association with other microor- 
ganisms in such cultures is not discussed. 

Microorganisms which we have isolated from the lungs 
of individuals with hemorrhagic peribronchiolar pneumo- 
nia are as follows : 

B. influenzs 1 

Pneumfjooccua 2 

K liemolyticus 10 

B. influonze, pneumocwcus 7 

B. infliieiizSy H. hemolyticus 3 

B. iiiflurnzA, Btaphylococcus 2 

S. hemolyticuSy B. coli 3 

B. influenzfe, pncuniococcuH, staphylococcuH 2 

B. influenzflp, 8. hemolyticus, staphylococcus 5 

Piicuniococcus, 8. hemolyticus, staphylococcus 1 

Xo organisms 2 

Total 38 

AVith this type of pneumonia B. influenzae has not been 
isolated in pure culture ; B. influenza* alone is recorded only 
once (Autopsy 435), but in this instance the culture lias 
been so obscured bv contamination that the occurrence of 
j)iieuinococci or streptococci cannot be excluded; S. hemo- 
lyticus has doubtless been present in this lung, for it has 
been found in the heart's blood, in the bronchus, and in the 
peritoneal exudate of the same individual. 

The incidence of pneumococci and hemolj^tic streptococci 
in this list does not differ materially from that with peri- 
bronchiolar pneumonia nnaccomj)anied by extensive intra- 
alveolar hemorrhage, though hemolytic streptococci are 
soiiK^what more frequent with the hemorrhagic lesion. The 
following tal)le shows the frequency with which pneumo- 
cocci and hemolytic streptococci have penetrated into the 
blood : 
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Pneumococcus 11 

8. hemolyticus 24 

Pneumococcus, S. hemolyticus 1 

Xo or^anifm 12 

Total 48 

Table XXXVII showiii}:; tlio percentage ineidenee of 
piieuniocoeei, hemolytic streptococci, stai)liyl()cocci and B. 
influenza* further eini)liasizes the siinihirity between the 
bacteriology of peribronchiolar pneumonia (Table XXXVI) 
and the closely rclat(Ml h(»morrhagic lesion : 

Taulk XXXVII 
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Pneumococci have been found in the lungs (31.(5 per 
cent) and blood (25 per cent), somewhat less frequc^ntly 
than with pori))ronchiolar i)nenmonia (43.9 and 40.3 per 
cent respectively), and hemolytic streptococci have been 
found in the blood more frec|uently (r)2.1 per cent) than 
with the latter (36.8 per cent) but otherwise the bacteriol- 
o<?y of the two lesions corresponds closely. The low inci- 
dence of B. influenza* in the bronchi (72 per cent) with hem- 
orrhagic pc^'ibronchiolar ])neumonia is perhaps incorrect 
as the result of the relatively small number of bacteriologic 
examinations (nam(»ly, 25), but the incich^nce of the same 
microorganism in the lung has been higher (52.(5 per cent) 
than with nonhemorrhagic peribronchiolar lesion (43.9 i)er 
cent). 

In some instances infection with hemolytic streptococci 
has occurred after the onset of pneumonia. The following 
list compares the results of bacteriologic examination of 
the sputum made after the onset of pneumonia with that of 
blood, lungs or bronchus ixftor death: 
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SPUTUM 


IN' BLOOD, LUXG8 OR BRONCHUS 
AT AUTOPSY 


Autopsy 


237 


S. hem. 


S. hem. 




242 


Fnoum. atyp. IT, B. inf. 


Pneum. atyp. II 




247 


Pneum. IV, B. inf. 


Pneum. IV 




266 


S. hem. 


S. hem., B. inf. 




346 


Fnoum. IV, B. inf. 


S. hem., B. inf. 




376 


(No. S. hem.) 


S. hem., staph., B. inf. 



Instances of soeondary infection with hemolytic strepto- 
coccus occur in tlie list, namely. Autopsies 346 and 376. 

From the foregoing studies of the bacteriology of peri- 
bronchiolar and hemorrhagic p(»ribronchiolar pneumonia 
the following conclusions may be drawn: (a) B. iiifluenzjp 
is found in most instances of these lesions in the bronchi 
and in about half of all instances in the lungs, but does not 
occur unaccompanied ))y other microorganisms. (6) In a 
considerable number of autopsies pneumococcus is the only 
microorganism that accompanies R. influenza; from the 
lungs it penetrates into the blood from which it is obtained 
in pure culture, (c) In a considerable number of instances 
S. hemolyticus accompanies B. influenza?, and in some of 
these instances (representing a large proportion of the rel- 
atively small number of cases examined during life), exam- 
ination of the sputum has demonstrated that infection has 
been secondary to a pneumonia Anth which no hemolytic 
streptococci have been found in the sputum. 

Lobular Consolidation. — Consolidation of scattered lob- 
ules or groups of lobules has occurred in nearly all in- 
stances, namely, 71 of 80 autopsies with bronchopneumonia 
unaccompanied by lobar pneumonia or by suppuration. 
When death follows shortly after the onset of pneumonia, 
patches of consolidation have a dull deep red color ; blood- 
tinged fluid escapes from the cut surface which is almost 
homogeneous or finely granular. The C'onsolidated tissue 
seen through the pleura, which is raised above the general 
level, has a bluisli red color. Isolated lobules or groups of 
lobules which have undergone consolidation may be scat- 
tei'cd throughout the lungs, but not infrequently there is 
confluent consolidation of the greater part of lobes, of 
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whole lobes or of almost an entire lung. Such lungs are 
very heavy and may weigh 1,400 or 1,500 grams; bloody 
serous fluid exudes from the cut surface. The lesion resem- 
bles the red hepatization of lobar pneumonia, but confluent 
patches of pneumonia are usually well defined by lobule 
boundaries. Tlie tissue is soft and the granulation of lobar 
pneumonia is absent. In many instances the lobular or con- 
fluent areas of consolidation are reddish gray ; in some in- 
stances consolidated tissue is in places red and elsewhere 
gray, and in a smaller group of autopsies there is gray 
consolidation only (Fig. 6). Red lobular consolidation is 
often seen in those who have died within the first four davs 
following the onset of pneumonia, but is almost equally fre- 
quent after from five to ten days ; the average duration of 
pneumonia in these cases was 5.5 days. Combined red and 
gray consolidation was more frequently found when pneu- 
monia had lasted more than five days, the average duration 
of pneumonia being 7.3 days. The greater number of in- 
stances of gray consolidation were found after seven days 
of pneumonia, the average duration of the disease being 
10.0 days. These figures are cited to show that lobular, 
like lobar, consolidation passes gradually from a stage of 
red to gray hepatization, but the change occurs more slowly 
and is often long delayed. 

Lobular pneumonia, which occurred 71 times among 80 
cases classified as bronchopneumonia, may be regarded as 
an almost constant lesion of the disease. It is found not 
only in association with other lesions of bronchopneumo- 
nia, but with lobar pneumonia of influenza as well. 

The bacteriology of this lesion shows no deviation from 
that of the slightly larger group of bronchopneumonia 
(p. 163). All types of pneumococcus have been found in 

• 

association with the lesion, Pneumococcus I in 2 instances, 
Pneumococcus II in 1 instance; atypical Pneumococcus II 
and Pneumococcus IV have been found much more fre- 
quently. Pneumococci have been found in more than a 
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third of thrse autopsies (4lM) pw cent in the lnn<»:s, IVSM \)ov 
cent in the l)lood) : heniolytie streptoeoeei in h»ss than one- 
third (28.5 per cent in the hm^s, o().2 ])er eent in the l)h>o(l). 

The folh)\vin<i; list sliows the haelerioh).i>y ol' a small 
Sroup of autopsies in whieh the sputum was examined after 
onset of pneumonia: 

ULOon, i.rxiis ok iiRONcnrs at 

AiTorsv 
PntMini. 

S. llfMl. 

l*iH'Uin. ntyp. IF 

Pncinn, Jityp. IF 

Pnciini. ntyp. II, st:i{>]i., !•. inf. 

S. lieni., n. inf. 

274 Pnoum. TV S. li.in. 

2JM IWiim. IV, Tl- inf. St:«i.li.. T^ inf. 

ol2 Pnoum. IV, y honi., H. inf. S. In in., stnpli., T^. inf. 

In one instance of slrei)toeoceus i)iieum()nia (Auto])sy 
274) infection wilh sTre|)toc()(Ti oceurriMl sul»s(»(|nenl to the 
examination of thi» sjaitum madi» five (hiys l)ef()re death; 
pneumococcus was found in tlie washed sputum. 

With lobar })neumonia there was evidence* that superim- 
posed infection occui'red more fi-(»(iuently (hirini;: the sta^e 
of red than of ^ray ]ie|)atization. With the lol)ular con- 
solidation of l)ronchoi)neumonia this reflation has not biHMi 
foun<l. Amon;^ 27 instancies of r<Ml h)l)ular consolidation, 
hemolytic streptococcus has occuired (i tinu^s, namely in 
22.2 per cent; amonii: 2(5 inslanc(\s of i'imI an<l ^ray consol- 
idation, 8 times, nami^ly, in 30.7 per c(»nt : anionic 13 in- 
stances of ^I'ay consolidation, 7) tinu^s, namely, in 38.5 ])er 
cent. Infection with hemolytic streptococci is more fre- 
quent when the lesion has i)ersiste(l to i\w sta.<i:(* of irray 
hepatization. This ditTercMicc* betwiMMi lobar and l)roncho- 
pnemnonia is probably di»i)en(hMit in i)art at least upon the 
njore severe and i^ersislent lesions of th(» bronchi with 
broncliopiK^uinonia. 

The histolo":v of consoli<Ia(ion which is delinitelv limited 
to secondary lobuhss or groups of h)l>ules varices consider- 
ablv. When death occurs in th(» earlv stai;*e of the lesion. 
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consolidated patches are deep red and somewhat edema- 
tous, SO that bloody serous fluid escapes from the cut sur- 
face of the lung and red blood corpuscles are present in the 
alveoli in great abundance together with pohTiuclear leu- 
cocytes, fibrin and serum in varying quantity. It is not 
uncommon to find evidence that the lesion has had its or- 
igin in the bronchioles and extended from them to other 
parts of the lobule. Polynudear leucocytes may be rela- 
tively abundant within and innnediately about the bronchi- 
oles and alveolar ducts, whereas the intervening alveoli and 
infundibula are filled with red blood corpuscles among 
which are polynudear leucocjies and perhaps some fibrin. 
It may be evident that bronchiolar pneumonia with hemor- 
rhage into intervening alveoli is in process of transforma- 
tion into a more diffuse leucocytic pneumonia, for pohniu- 
clear leucocytes are making their way from the alveolar 
wall into the ))lood-filled lumen and, as the result of the 
presence of blood, remain for a time close to the lining of 
the alveolus. 

When the consolidated lobules have assumed a gray or 
reddish gray color, polynudear leucocytes are more abun- 
dant and often almost homogeneously pack every alveolus 
within the boundaries of the lol)ule. In some instances 
there is fil)rin partially ol)scured by the presence of leuco- 
cytes in great number. 

Although fil)rin is less abundant with bronchopneumonia 
than with lobar pneumonia, nevertheless in a considerable 
proportion of instances it is a very conspicuous element 
of the inflannnatory c»xudate witliin the bronchioles, alve- 
olar ducts and alveoli. It is unusual to find the alveolar 
ducts and alveoli uniformly plugged with fibrin containing 
leucocytes; tliero is a variegated distrilnition of exudate 
which has litth* rc^^^omblance to that of lobar pneumonia. 
Occasionally (ATito])si(»s 242 and 247) polynudear leuco- 
cyt(»s fill the l)ron(*lii()l(»s, alv(H)lar ducts and infundibula, 
whereas the surrounding tributary alveoli contain fibrin 
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and polynuclear leucocytes in moderate number ; red blood 
corpuscles may be present in sufficient number to give a 
homogeneously red color to the lobular consolidation. 

In association with lobular pneumonia, fibrin within the 
lung tissue undergoes certain changes which outline very 
sharply the alveolar ducts and the other structures usually 
ill defined in preparations of the lung. A remarkable ap- 
pearance is produced by the deposit of hyalin fibrin upon 
the surface of the alveolar ducts and infundibula. This 
lesion has been described by LeCount. 

Within the alveolar tissue of the lung, spaces are seen 
lined by a layer of fibrin which stains homogeneously and 
very brightly with eosin. They are recognized as alveolar 
ducts by the presence of scattered bundles of smooth 
muscle in their wall. The layer of hyaline fibrin overlying 
the surface of the alveolar duct usuallv forms a continuous 
lining and covers over the orifices of the alveoli which sur- 
round the alveolar duct. These ducts are rendered still 
more conspicuous by the character of their contents which 
exhibits a sharp contrast with that of the surrounding 
alveoli. The alveoli duct occasionallv contains a bubble of 

ft- 

air, but more frequently it is filled with serum in which red 
blood corpuscles are sometimes numerous. There is within 
the lumen scant fibrin and very few cells, among which poly- 
nuclear leucocytes are predominant. In the surrounding 
alveoli on the contrary leucocytes and fibrin are abundant. 
A similar change is found in the infundibula very clearly 
defined by their conical form, which is especially well out- 
lined below the pleura or in contact with interlobular septa. 
The infundibulum is outlined by hyaline fibrin which passes 
over the orifices of the tributary alveoli and separates the 
serous contents of the infundibulum from the cellular fibrin- 
ous contents of the alveoli al)out. 

The lesion which has been described is often associated 
with acute bronchitis and l)ronehi()litis, and the alveoli im- 
mediately about the respiratory bronchioles may be filled 
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with polynucloar leucocytes. It is very common to fiiifl 
lar^e l)ul)l)les of air sharply defined witliiii the purulent 
contents of the hronchiole. In some lobules the alve- 
olar ducts, infundihula and alveoli interveniufi: between 
these foci of leucocytic jmeumonia are almost unifonnly 
filled with fibiin and polynuclear h»ucoc\'tes, but in other 
places the formation of complete* layers of hyaline fibrin 
is in process. Bubbles of air are often seen within the al- 
veoUir ducts, and about them is an irrejrular layer of filirin 
formed by th(» p<»netration of air into a channel previously 
fillc»d with a loose network of fibrin containing serum in its 
meshes. The fibrin compressed aj^ainst the walls of alve- 
olar duct and inf undibulum remains as a compact layer sep- 
arating these structures from the alveoli which project 
from their walls. The bubble of air is doubtless later ab- 
sorbed and rei)laced by s(*riim, so that many alveolar ducts 
are filled with serum almost wholly free from cells, whereas 
alveoli outside the fibrinous membrane contain a network 
of fibrin with h»ucocytes in greater or less abundance. 

In association with this fibrinous pneumonia, which has 
been described, hyaline* thrombosis of the capillaries is not 
uncommon. Tliis hyalin material within the capillaries 
gives reactions of fibrin, and in sections stained by the 
(Jraiii-AVeigert method for demonstration of fibrin, these 
thrombosed vessels have th(^ ai)pearance of capillaries ir- 
regulai'ly injected with a blue material. 

Tlio int(M-stitial tissue surrounding consolidated lobules 
is oft (Ml edematous: the lymphatics are distended with 
serum and contain a mod(»rate numb(»r of lymphocytes and 
])()lvnuclear loueocvtes. 

Among the lungs wliieh have been studied histologically, 
l)neunioc()ccus lias briMi almost invariably associated with 
th(» lobular lesions which have just been described, whether 
luMiiorrhagic, leucocytie or fibrinous: the histologic changes 
accompanying infection of the lung with streptococcus will 
hv described lat(M\ Pneumococcus has been cultivated from 
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the consolidated lung and is found in section of the lung. 
B. influenzae is found in cultures made from the bronchi. 
Table XXXVIII includes those instances in which the 
histology of the consolidated lung accords with the descrip- 
tion given above. 

Pneumococcus was found in all but 2 instances, and in 
one of these (Autopsy 336) the only culture was from the. 
heart's blood and in the other (Autopsy 498) cultures were 
unsatisfactory because proper media were not obtainable. 
Pneumococci of Types I, II, II atypical. III and IV are rep- 
resented in the list. B. influenzcT has been found in a con- 
siderable number of instances in which cultures have been 
made from the lung and in every instance in which cultures 
have been made from the bronchi. Staphylococci are often 
found in the bronchi, but in most instances they do not 
penetrate into the lung. 

Another group of cases of lobular pneumonia are im- 
portant because in association with necrosis of lung tissue 
recognized by the microscope hemolytic streptococci have 
been found in the lungs. In such instances serum is abun- 
dant and polynuclear leucocytes are relatively scant 
though their distribution varies considerably; in some 
places leucocytes are fairly al)undant though elsewhere al- 
most absent, Imt this distribution l)ears no obvious relation 
to the broncliioles. In some instances (Autopsies 274 and 
487) red blood corpuscles are numerous but in others (Au- 
topsies 27;") and 312) they are inconspicuous. The char- 
acteristic f(*ature of the lesion is the occurrence of patches 
of necrosis within which the nuclei both of exudate and of 
alveolar walls have partially or completely disappeared. 
In these areas of necrosis short chains of streptococci are 
found in immense number whereas in living tissue they are 
present in moderate number. There has been a relatively 
inactive inflammatory reaction, great proliferation of 
streptococci and necrosis of invad(Hl tissue. The bacte- 
riology of instances of lobular pneumonia with necrosis is 
sho^vJ^ in Table XXXIX, 
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Lobular pneumonia, in some of those instances at least, 
has been caused primarily by pneumococci; necrosis has 
been the result of secondary invasion by streptococci. In 
Autopsy 275 Pneumococcus IV has been obtained from the 
blood, but in the presence of streptococci has presumably 
disappeared from the lung and bronchus. In the case rep- 
resented by Autopsy 274, Pneumococcus IV has been found 
in the sputum five days before death at the onset of pneu- 
monia, but at this time no hemolytic streptococci have been 
found. In the case represent(»d by Autopsy 312, Pneumo- 
coccus IV, B. influenza? and a few colonies of hemolytic 
streptococci have been obtained from the sputum two days 
after recognition of pneumonia and five days before death. 

The hemorrhagic and edematous consolidation of the 
early pulmonary lesions of influenzal pneumonia is their 
most distinctive feature. Red confluent lobular pneumonia 
is frequently found in those who have died within the first 
week following the onset of influenza. The hmgs are vol- 
uminous and heavy and may weigh as much as 1,500 grams ; 
the pleura which overlies the consolidated area is blue or 
plum colored and usually shows scant if any e\ddence of 
pleurisy. Scattered patches of consolidation are accu- 
rately limited to lobules, but in addition there are large 
areas often involving the greater part of the lobes and not 
infrequently situated in the lowermost part of the lower 
lobes. This confluent consolidation mav be obviouslv lim- 
ited by lobule boundaries. The consolidated tissue is deep 
red and laxly consolidated; red serous fluid escapes from 
the cut surface. The lesion not infrequently occurs in as- 
sociation with hemorrhagic pei'ibronchiolar pneumonia. 

The histology of this confluent lesion has been studied 
in Autopsies 242, 244, ?>03, 33(), 464, 474 and 506. The his- 
tology varies, because, in some instances, leucocytes, in 
other instances, fibrin, is abundant, but the presence of red 
blood corpuscles in large number within the alveoli gives 
a red color to the consolidated tissue. In these cases pneu- 
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niococci, associated in tlie lungs or in the bronclii with B. 
influenzae, have been the cause of pneumonia. In two au- 
topsies studied histologically (Autopsies 274 and 478) there 
was red lobular and confluent pneumonia and the blood and 
lungs contain hemolytic streptococci demonstrated by cul- 
tures; microscopic examination showed the presence of a 
widespread necrosis of the lung tissue. 

In the group of autopsies in Table XL there was red con- 
fluent lobular pneumonia. These autopsies are separated 
from those just cited because there was no histologic'^k- 
amination of the tissue. ^" 







Table XL 


NO. OP 

AU- 
TOPSY 


BACTERIOLOGY OF 
HEART *S BLOOD 


BACTERIOLOGY OF BACTERIOLOGY OF 
LUNGS BRONCHUS 


289 


Fneum. IV 


Pneum. IV Piicum. IV, B. inf., staph. 


297 




Pnoum. IV, B. inf. Pneum. IV, B. inf., S. hem. 

(a few) 


306 






339 


Fneum. IV 




364 


S. hem. 




418 


Pneum. atyp. II 


Pneum. atyp. II, 
B. inf., 8. vir. 


424 




Pneum. IV. 



This group of autopsies confirms the view that the red 
confluent lobular pneumonia is caused by pneumococci in 
association with B. influenza*. Hemolytic streptococci may 
invade secondarily. In Autopsy 297 a few hemolytic strep- 
tococci were found in the bronchus but apparently had not 
entered the lungs. In the absence of histologic examina- 
tion it is not possible to determine if the invasion of hemo- 
lytic streptococcus (in Autopsy 364) has caused necrosis of 
the pneumonic tissue. 

Peribronchial Hemorrhage and Pneumonia 

In a considerable number of instances, namely, in 19 au- 
topsies, hemorrhage about the small bronchi has been rec- 
ognizable upon gross examination of the lung. A conspicu- 
ous zone of hemorrhage 2 or 3 mm. in thickness surrounds 



]!)0 PNEUMONIAS AND INFECTIONS OF RESPIRATORY TRACT 

small (with no cartilage) often dilated bronclii and on lon- 
gitudinal section may be tracted for a considerable distance 
along tlie bronclms (Fig. 7). In many additional instances 
peribrom-liial liemorrliage has been found by microscopic 
examination. In some instances the peribronchial zone of 
hemorrhage is finner than the tissue elsewhere and it is 
occasionally difficult to determine whether the lesion is 
hemorrhage or pneninonia. In 7 instances frank red con- 
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Kill, 7— Ilrniuhopnciimonia witli purultnt bronchitis and iwtibronchial hemorrhage. 

solidation of })eribronchial tissue was recognized at au- 
topsy; this lesion will be considered later under peribron- 
chial pneumonia. Hemorrhage about bronchi, like other 
evidences of severe injury to bronchi following influenza, 
is more frequently found in the lowermost parts of the 
lungs than elsewhere. It is invariably associated with 
severe bronchitis; the bronchi have contained purulent 
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fluid in 15 of 19 instaneos of peril)ron(*liial lioniorrliajj:o and 
in 10 instane<^s tlio lesion has boon assooiatod witli dilata- 
tion of the bronchi. 

Alicroscopic examination fnrnishos furthor evidoneo of 
the severity of tlie l)ronehial chan<!:os wliioh have* brought 
a1)0ut hemorrhage into the surrounding alv(M)li. The lumen 
of the bronchus contains blood and leucocytes; the epithe- 
lium is sometimes raised in places fiom tlio underlying 
basement membrane l)y blood: l)lood vessels of the bron- 
chial wall are engorged, and there is hemorrhage into the 
tissue of the brcmchus. More* frt^quently the brondiial epi- 
thelium is completely lost and the denuded surface is often 
covered bv a laver of iibrin intiiuati^lv adherent to the in- 
flamed mucosa. Transitions betwo(»n simple hemorrhage 
and pneumonia are found, polyimclear leucocytes being 
mingled with rod blood corpuscles. In several instances 
the alveoli in immediate contact with the 1)ronchial wall 
have contained fibrin, wherc^as those* in the surrounding 
zone have contained blood. 

Bacteria found in the bronchi in 10 instances of peri- 
bronchial hemorrhage have been as follows: 

staphylococci 1 

B, inflaenza*, pncumococci 1 

' ' 8. hcmolyticus 2 

" pnouniococc'i, stjipliyhu-orci 1 

* ' 8. h(Miiolytieus, st.'i])hylooocri 4 

No organism found 1 

The high incidence of B. inlluonzfc and the frcHjuent as- 
sociation of B. influenza? and hemolytic streptococci are 
noteworthy. The instance in which no organisms were 
found is probably due to a defect in media and slumld per- 
haps be excluded from the list. 

The percentage incid(*nce of pneumococci, hemolytic 
streptococci, staphylococci and B. iiifhionzje in the bronchus, 
lungs and blood of the heart is an ind<*x of the facility with 
which these microorganisms ])on(4rato internal organs 
when the bronchi are the site of this liomorrhairic lesion. 
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Wlion tlioso fi^uros aro comparerl with those for all fonns 
of broiu'hitis no vorv noteworthy difTerenees are found; 
the iiK'idenee of pneumoeoeei here is less and that of hemo- 
lytie str<»i)toeoeei <]^reater. Tn association Avith the severe 
elian^es jiresent in the l)ronehi, hemolytic streptococci 
which enter th(» luni»:s almost invariablv find their wav into 
Ihe blood. 

Tn (^ instanc<»s there has been frank pneumonic consoHda- 
lion limited to a zone encircling small and medium-sized 
bronchi which have often been obviouslv dilated. On cross 
s(»cti()n thes(» patches of pnemnonia are circular, from 1 to 
2 cm. in diamc^ter and each contains a bronchus at its center. 
Wlien th(» bronchus is cut lonti:itudinally it is evident that 
pn(»um()ni(* consolidation forms a cylindrical sheath about 
the tub(». Th(» consolidation varies in color from red to 
grayish r(»d. Tn one instance* (Autopsy 253) the consoli- 
datcnl tissue has formcHl a ^ray zone in contact with the 
bronchus and is red in a peripheral zone; microscopic ex- 
aniiiuition shows that the alveoli about the bronchus con- 
tain fibrin, when^as those at a greater distance contain red 
bh)<)d (M)rpuscl(^s. Tn this instance, the associated pneu- 
monia in anoth(»r i)art of the \\\w^ has been somewhat 
anonudous and has had characters both of lobar and bron- 
chopneumonia, for s(*attere(l in th(» left lung there have been 
patcht^s of firm consolichition not more than 2 cm. across. 
The smalhM' ol* th(»se patches are d^ep red, but the larger 
are coarsely uranuhir and gray in the center. The patchy 
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charat'tor of tlie lesion has siiirsr^'stiMl hronclioinuMinioiiia, 
but the coarse ^ramilation on section and the presenci* of 
fibrinous plugs within the small bronchi have i>resente(l a 
close res<»mblance to lobar ])neunionia. This auto])sy is 
one of the few instances in which Pnc^uniococcus 11 lias b(»en 
found, Pneumo<*occus TI bein.ii: ])res(»nl in bhunl iuu\ lunirs, 
B. influenzap, in lun^s and bronchi. In 2 additional in 
stances (Autopsies o74 and 302) i)eribroncliial pneumonia, 
recognizable at autoi)sy, has been associated witli consoli- 
dation having the diaracti^rs of lobar ])n(Munonia. Tn ont* 
instance. Autopsy 374, Xho right lung lias contained two 
patches of firm, mottled red and pinkish red coarsely gran- 
ular consolidation (^ach about (I cm. across, one situated in 
the upper lobe and the othei' in tin* lower lobe. Elsewhere 
in the lung, in definite relation to dilated bronchi. oc(*ur 
patches of firm, hmI, coarsely granular consolidation from 
1 to 1.5 cm. in diam<»t(»r wIkmi cut transverselv. The bi-on 
chus in the center has contained pui'ulent fluid. In the op- 
posite lung similar consolidation has beiMi limited to zones 
about dilated bi'onchi which contain i)Ui'uhMit (luid. Pneu- 
mococcus IV has hoou obtained fi'om the blood of \\\r heait. 

The peribronchial ])neum()nia which has been described 
occurs in association with evidcMice rS i)rol'(Mind injury to 
the bronchial wall. Tn ,") of (> instances purulent bronchitis 
has be(»n found at autoi)sy: in half of these instances bron- 
chiectasis has been noted. The ei)itluOium of tin* bronchus 
has b(»(»n found S(»parated from the underlvinu; tissue bv se- 
rous exudate, blood and huicocytes; (Epithelial cells un<lergo 
n(»crosis and disapi)ear, tln^ d(*nud(Ml suiface being covered 
by fibrin. X(»crosis exten<ls a varying de])th into the wall 
of the bronchus; blood vessels are engoi'ged, and tluM'e is 
in s(mie instances hemoi-rliaue thi'ouuhout the wall of the 
bronchus. 

The character of the exudate in t!ie nlveoli suri'ounding 
the bronchus dilT(»rs considei-ahlv in diffei-cnt instancies. 
In some instances (Autopsies o74 Jiiid *)!):!) led blood cor- 
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pusclos are predominant in tlie alvooli in contact with the 
Inoncliial Avail, wiioreas in a poriphoral zone polymicloar 
loncocvtcs aro more abundant. In other instances (Autop- 
si(»s 253 and 402) alvc^oli next the bronchial wall contain 
abundant fibrin and these are surrounded bv a zone in 
which the alveoli are fill(»d with blood. 

Peribronchial pneumonia is the result of the direct ex- 
tension of the inflammatory process through the wall of the 
bronchus ; it occurs when the epithelium of the bronchus is 
destroyed and the underlying tissues are injured, but 
may be i)r(»s(»nt in a wide* encircling z(me even when 
th(» lesion has not i)(»n(»trated the bronchial wall. The dis- 
tribution of tlie pneumonia d(»monstrates very clearly that 
tlie inflammatory proc(\^s does not reach the afT(»cted peri- 

1)roncliial alv(H)li l)v wav of tlie bronchioles tributarv to the 

• • • 

brcmclms. 

The bact(»riology of these instances of ])eribronehial 
pneumonia is noteworthy. (Table XLIL) 







Tabf.k XLII 




ATTOPSY 


BLOOD 


LirNG 


BRONCHUS 


2o3 


I'lK'um. II 


Piiciini. II, B. inf. 


Staph., B. inf. 


:\7A 


Pnoiim. IV 






387 


Piieuni. 11, S. lu'in. 


Piiouni. Tl, staph., 


Pnoum. IT, S. hem.. 






B. inf. 


staph., n. inf., 


392 


Pnoum. II 




• 


402 


PiU'uin. IV, S. lu'iii. 






424 


? 


Pnc'inn. TV 





Pneumococcus has been found in every instance either in 
the lunij:s or l)lood. Pneumococcus II, which has been un- 
common with the pncuinumia followintr influenza at Camp 
Pike and has occurred oiilv ten times in more than 200 
autopsies, has been ))]'(*sent in oiu^-half oT these cases. The 
constant association of the h^sion witli pneumococcus is 
particularly sitcuificant when a compariscm is made between 
the incidence of inioumococcus with peribronchial henior- 
I'ha.ire, on Ww one hand, and i)eril>r(mchial pneumonia on the 
other: ])neum()C()ccus has been present in less than a third 



PATHOLOGY AND BACTERIOLOGY FOLLOWING TNFLT'ENZA 195 

of the instances of hemorrhage but in all instances of pnon- 
monia. 

In addition to the instances in which gross peribroncliial 
consolidation has been noted at autopsy, niicroscopic ex- 
amination has demonstrated the presence of fibrinous pneu- 
monia surrounding bronchi in a considerable numl)er of 
autopsies. In a zone encircling small bronchi (with no 
cartilage) alveoli are filled by plugs of dense fibrin (Fig. 
20) containing in variable number polynuclear leucocytes 
and mononuclear cells. The width of the zone is often 
equal or greater than the diameter of th(» bronchus. Alve- 
oli outside the zone of fibrinous inflammation mav contain 
red blood corpuscles or serum, and d(^s(iuamat(^d (^pitlu^lial 
cells are often abundant. 

Of 21 instances of peribronchial fibrinous pneumonia 20 
were associated with purulent bronchitis. Further evi- 
dence of the relation of the lesicm to profound injury to 
the bronchi is its association with bronchiectasis in 17 in- 
stances. 

Peribronchial fibrinous pneumonia, like other lesions en- 
circling the small bronchi, bears a direct relation to the 
severity of microscopic changes in the bronchus. The epi- 
thelium of the bronchus is either partially or completely 
lost. Occasionally epithelium is raised by hemorrhage or 
leucocytes from the underlying tissue but more f rc^quently 
it is wholly lost and the surface is covered bv a laver of 
fibrin. In the early stages of the lesion, polynuclear leuco- 
cytes may be numerous throughout the bronchial wall, in- 
dicating that the inflammatory irritant within the lumen is 
affecting the entire wall and extending its influence to the 
surrounding pulmonary tissue. Later lymphoid and j)las- 
ma cells are more abimdant than polynuclear leucocytes. 
Coagulative necrosis and disintegration of the bronchial 
wall, proceeding from the inner surface outward, may ex- 
tend more or less deeply, and fibrinous inflannnation of 
adjacent alveoli is often more extensive about that segment 
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of the hroiu'lms wliicli sliows the irn'atost eliaii2:o. In some 
instaiK'os soirinoiits of tin* broiieliial wall or even tho entire 
wall has <lisai)poar(Ml, so that alveoli eontainins: fil)rin form 
part of thf' wall of tho cavity thus formed. When bron- 
chiectasis has occurrod, tliere are often fissures from the 
hinieii tlirouirh tho entire wall exton<linir into the surround- 
in<r lun.iT tissuo: here fibrinous pneumonia is particularly 
conspicuous, occurring: in a zont^ about the Hls^res of the 
defect. This doi)osition of fibrin Avithin the alve<di adja- 
cent to the injury doubtless has a part in limitinsr the dis- 
tribution of bactorial infection. Nevertheless breaks in the 
."ontinuitv of tho bronchial wall are not essential to the 
l)roduction of tho losion and the irritant, which is respon- 
sible for tho lesion, may penetrate* throuich the bronchial 
wall to surroundin.i!: alvooli and from alveoli to other al- 
veoli innnodiatelv adjacf^it. 

AVith this peribronchial pneumonia the smallest bronchi 
are distended with ])us and thoir walls are infiltrated with 
polymicloar leucocyte's. lym))lioi<l and plasma cells. In a 
broad z( no ontirclinir tl:o broncluis tho alveoli are filled 
with j^luirs nf fibrin. r>rnnchioles ar<» similarly distended 
with ])olynucloar leucocytes: tho alvooli which occur upon 
the wall of tho bron<-hiole aro often limited to one side of 
tin* wall and aro lilltMl with fi])rin. This fibrin occasionallv 

• 

])rojocts into the lunu-n of th(» l)]-onchiole and forms a con- 
tinuous lav(»r in contact with the wall on the same side. 
Tlio alvoolar duct and infundibulum ai'o distended with 
])olynucloar loucocyt«»s. Tho alvooli u]>on the wall of the 
alvoolar duct and u]H>n \\\r ]>roxinial i)art of the infuiidib- 
uluin ai'o fillod with libiin. Tli(» bronchus, bronchiole, 
alvi'olnr <lMct and ]^ait ot* tho infundibulum are thus sur- 
'onndod by a continuous zom* of* alvi'oli containing fil)rin. 
Tho aho<^li about the distal ]»art of tlio infundibulum may 
be lillod \\ ith i);>lvnuclear lencocvics. T^unc: tissue between 
adia<-(Mit zones of liiu'inons ]>nennionia mav contain serum 
antl des([u;unated epithelial cells. 
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Organization of peril)roncliial fibi'in was found in 10 
of the 22 autopsies in whicli peribronchial fibrinous pneu- 
monia liad been found. Fibroblasts liave invaded tlie fil)rin 
and newly formed capillaries have penetratcnl into it. In 
some instances the interalveolar septa are thickened and 
infiltrated with lymplioid and plasma cells, and in 7 in- 
stances there was chronic pneumonia with tlnckeninii: and 
mononuclear infiltration of the interstitial tissue about the 
bronchi and blood vessels, and elsewhere. The duration 
of the fatal illness in 12 instances with no organization was 
usuallv from ten davs to tAvo weeks, though in 3 instances 
there was no organizati(m although the respiratory disease 
had lasted from seventeen to nineteen days (average dura- 
tion with no organization, 13.5 days). The duration of 
illness in 10 instances with organization of fibrin was 
slightly less than three Aveeks (average 18.9 days). These 
figures do not accurately represent the duration of pneu- 
monia which usually develops after a period of several days 
following onset of influenza. 

This group of instances of peribronchial fibrinous pneu- 
monia has offered an opportunity to study the bacteriology 
of pneumonia with organization and to d(^termine if it pre- 
sents any unusual characters. The bact(»riology of autop- 
sies with peribronchial fi))rinous imeuinonia with no or- 
ganization is shown in Table XLITT: 



Table XLIII 



AUTOPSY 


BLOOD 


Lrxo 


BKONcurs 




289 


Pueum. IV 


Pnoum. IV 


Pneuin. IV, P. inf., 


8taj>h. 


372 










376 


S. hem. 


K. hem. 


S. liem., P. inf., S. 


aur. 


409 











410 




S. hem., P. inf. 8. aur. 






412 


Pncum. II 




Pneiim. IT, T*>. inf. 




420 


S. hem. 


S. hem., P. inf. S. aiir. 






423 


S. hem. 


S. liem., P. inf. 






440 





P. inf., S. aiir. 


P. inf., R. aur. 




448 













482 





P. inf., Pneiim. IV 


P. inf., Pneum. IV 
S. hem. 


y 


489 





Pnenm. TV, P. inf. 


Pneum. IV, P. inf. 





198 PNEUMONIAS AND INFECTIONS OF RESPIRATORY TRACT 

Tlie baet(M iol()p:y of instaiieos of perihroiiehial fibrinous 
pnouinonia with organization of the intraalvcolar fibrin is 
sliown in Table XLIV: 

Table XLIV 



AI'TOPSY 


PlUM 


LOOD 


LrN(j 


283 


iim. IV 


St:n>h., U. inf. 


291 










31)8 









419 







Pnoiim. IT, n. inf. 


421 


S. 


Ikmii. 


Pnoum. IV, S. hom. 


422 







Pnriini. II atyp., n. inf. 


42') 


s. 


lioin. 


S. hem., B. inf., R. alb. 


433 







S. licm., B. inf., S. aiir. 


4r>0 


s. 


lioin. 


S. licni., B. inf. 


4()3 







n. inf., staph. 



BRONCnUS 



B. inf., Pneum. IV, staph. 
B. inf., staph. 

Pncum. II, B. inf. 



S. hem., B. inf., stajjh. 
B. inf., staph., Pncnm. IV 



B. influonza^ lias l)oen present in the bronchi in every in- 
stance save one in which cultures have been made, and it 
is probable that in this exceptional instance cultures have 
rcMuained sterile because the media employed have been de- 
fectiv(\ The iiicid(*nc(* of B. influenzip in the lun^ has been 
unusually hi<»:h both with- and without organization (66.7 
p(M' cent with no oi'ii:anization ; 77.8 per cent with orp^an- 
ization). Strei)t()cocci and staphylococci have been found 
in a considerable ])roportion of all instances of peribron- 
chial fil)rinous pneumonia, but there has been no notable 
prei)onderance of these microorganisms when organiza- 
tion has occurrcMl. Organization has been present in in- 
stances in which juieunionia is referable to pneumococcus 
associated witli B. inlhuMiza* and unaccompanied by either 
st i*ei>tococci or staphylococci (Autopsies 419 and 422). 
AVadsworth' found no organization after inoculation of the 
lungs of* dogs with ])neuniococ<*us or with staphylococcus 
alon(\ but ])r()duced oi'ganization when he inoculated an- 
imals with both microorganisms. 

Injury to bi-onchi i)r()duced in i)art at l(»ast l)y B. in- 
fluenzjc exposes the bronchi and lung tissui* to repeated 
infection with a variety of inici'oorganisins; absorption of 



•\Va«N\v(»rtli, A. \\.\ A Study of Organiz.illiin Pneumonia. Jour, Med. Research, 1918, 
wxix, 147. 
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fibrin and regeneration of alveolar epithelium are pre- 
vented, resolution fails to occur ami organization of fil)rin 
follows. 

Suppurative Pneumonia With Necrosis and Abscess 

Formation 

Three varieties of suppurative pneumonia have occurred 
in association with influenza. 

A. Necrosis and suppuration Avith formation of one or 
several abscesses usually below the pleura and almost in- 
variablv caused bv hemolvtic streptococci. 

B. Interstitial suppurative pneumonia caused by hemo- 
lytic streptococcus. 

C. Multiple abscesses in clusters caused by staphylococci. 

Suppurative pneumonia with necrosis and abscess for- 
mation will be discussed in this section. Pulmonary ab- 
scesses which occurred in 43 autopsies may be included in 
this group ; in 4 of these autopsies abscess and interstitial 
suppurative pneumonia occurred in the same individual. 
These abscesses were much more frequently situated in the 
lower than in the upper lobes and more often in the right 
than in the left lung. In most instances there was one or 
several abscesses situated below the pleura of one lobe; 
occasionally abscesses occurred in two lobes of the same 
lung or in both lungs. The distribution was as follows: 
Abscess in only one lung occurred in right upper lobe in 
6 autopsies; middle lobe, 8; lower lobe, 15; left upper lobe, 
2; lower lobe, 16. Abscesses occurred in both right and 
left lower lobes, twice. The usual situation was at the 
lower and posterior part of the lower lobe at or near the 
basal edge, less frequc^ntly below the posterior border or 
upon the basal surface of the lobe. These abscesses in 

ahnost everv instance were found immediatelv below the 

•• • 

])leural surface, so that they appeared upon the i)leura 
as opaque yellow spots usually surrounded ])y narrow 
zones of hemorrhage. In one instance (Autopsy 376) the 
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aJisccss cavity was soparatiMl from tin* pleural cavity hy 
rcinaiiis cjf \]w ])l('ura wliirli was as thin as tissue paper ami 
ill otluM- iiistaiu'(»s iierforation liad occiirre<l (Fip:. 9). In 
Aiitoi)sy 4S0 tJie abscess cavity which had perforated the 
phMira was in frc^e cmniminication with a hronelms of me- 
dium size. 

In most instances of suppurative pneumonia there have 
been associated lesions of lironchopneumonia which have 
been ])eribroncliiohir, hemorrlia^rie or lobular and have ex- 
hibited no unusual diaracters. The abscess or abscesses 
are situated witliin an area of ])neumonic consolidation 
which is iir)t limited bv lobule b()un<laries and has not the 
characters of br(iiiclioi)neumonic consolidation. In some 
instances tliis consolidation is limited to a zone imniediatelv 
about \ho abscess, but often it involves the j'^reater part of 
a lobe. The tissue is laxlv c(nisolidatcd and flabbv; on sec- 
tion it has a dull, consi)icuously cloudy appearance and is 
p:rayish red, pinkish i^ray or ^rray: it is honiopceneous or 
very liiiely <rranular. Turbi<l ^ray fluid, Avhicli sometimes 
resembh^s thin ]>us, oozes from the cut surface. 

AVidesi)read necrosis of tissue is not infrequently a con- 
si)icu()us feature of this jiyofrenic i)n(»unionia (Fiff. 8). 
U|)oii a cloudy ^ray backtcround of consolidation are nu- 
merous oj)a(iue yellowish <!:ray or yellow patches, occasion- 
ally 2 or 3 cm. across, irivin^ a mottled character to the 
cut surface. T^pon the pleura these necrotic patches ap- 
l)ear as dull opaque yellow spots. They may be sur- 
rounde<l bv a zone of hemorrhaire. The opaque material 
is at first linn but may iiiiderj;o softi^nin^r, becoming semi- 
solid and finally imruleiit. X<H*rotic patches may be scat- 
teied tlirou^'liout a lobe, but fully formed abscesses are with 
few e\ce])tions immediately below tli(» ])leura (Fig. 9), 

1'lie duration of illness in cases of pneumonia with ab- 
scess varied from a week or less (11 instances) to more 
tliaii four weeks. The duration of the trreater number of 
cases (17 instances) was between oik* and two weeks. In 
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one instance onset occurred with symptoms of influenza, 
pneumonia was recop^nized two days later, and death oc- 
curred onlv four davs after the onset of ilhiess. AVhen the 
duration of the illness was less than a wei^k the symptoms 
of onset \vere in some instances those of pneumonia. 

Table XLV shows the incidence of jnu^umococcus, S. hem- 
olyticus, staphyhicoccus and B. infhicMiza^ in instances of 
suppurative pniMimonia with abscess formation, 4 instances 
of abscess with interstitial suppurative* inKuimonia l)ein^ 
excluded : 

Tahi.e XLV 



nroiH'liua 
Blood 



(MJ 

o H 

6 ^ 



*J4 
37 



PNErMO('0(M;i 
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o o 



o 
9 







Ki; 



o 



tiO.8 

2r).n 

10.2 



HEMOLYTIC 
STREPTOCOCCI 
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ni 


83.8 
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18 
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8 
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In over 80 per cent of instances of pulmonary abscess 
hemolytic streptococcus has been found in blood, lun^s an<l 
bronchus and, wlnm cultures have be(»n made, in the in- 
flamed pleural cavity as well. Streptococci have been 
found in immense number in sections from the necrotic 
lunpf tissue and the abscesses which hav(» ])een formed. Tt 
is evident tliat hemolytic stn^ptococci have caused suppura- 
tive pneumonia and death, bein^ f(nind in the bh)od of the 
heart just as frecpuMitly as in the \\wv^^ (83 ])er cent). The 
relative unimportance of i)n(Minioc()cci is indicati^l by their 
low incidence in the blood (1().2 ])er cent) when compared 
with tliat of lobar pn(»umonia ((m..") per cent) or of ])r()ncho- 
pneumonia (31.4 y)er cent). 1?. influenza* has ])een found 
in three-fourtlis of these auto])sics in tli(» ])r()nchus, but its 
incidence in the lun^s has been much smaller. 

In 3 instances of sui)i)nrative i)n(»unionia with abscc^ss 
formation no luMUolytic streptococci were found; they an* 
as follows: 
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'580. — ? '• t^- !• r'ii*'i-»:i;Ti:a xi-..i z'^J iJ^i r*-»l lob>aIar i^nsoliila- 
•^'■u n r-.^* :-7»^T i:ii » t^- , >t*^: -»'r.~-?':.tt'-* i.-lar BO*liiIes of eonsoli* 
ia' « n .2. ! f* j v -r ' •>*- i'-^-*****. :r "a. '!*r«>«?, c»»!o"ar the plenra of the 
yyfr. r -tri-r f -j- -f": ..x-*'- '. .'*t^ 3-*ar i** ^-a*^: fihrinopnrulent plen- 
-':»7 '■ • V. •: r-^i' *:•> : ?^- -i."* - .i-'L-".i«7 1'" r^. on left. Pnoumo- 
■":*'•' I* in -ri.* f ;-2 : 3^ 'I'^i^'** tr ra -'i-* ''T.:*:*! rf zh^ heart from the right 
'inc xz I Trt*i B. .z^!^I-1.:x ^tl *'i-» ~r^* -'-iz-a! cavity. Xo culture was 
aL3 :- f- r= -":- >r~ 'i-r t'i^-i •■-t:,i-:2-*': "i-* a^«<^^*«w In sections of the 
i. ■-.-—.* .Ti -♦•«:'^. - •'"•-7* «-•*": _■: ♦>:! -> z ^ ••! ^ ir<>*-ifi were numerous. 
AiEtoysy •££€. — A--'- - -iir -i-:i!'rs:i i; *-h r— i t-rfatization of greater 
:ar* f ri^* ':i,:: -rt*'*'i :f -z**. Li^. i 3. L-w-^r ^:•^ie of left lung con- 
•n.::-j 1:1 i <^i--* '- -V i-' T '.' T.: yn-T^'Aze^i «?ropunilent pleurisv 
■' T' ',". 1 >fr *i:'. P^- ltt ^-^ ^-i- l* TV Ta* vrtaiD^i from the bloo<l of 
rb- i-ir*: a ■'I'rir- fr =^ **- : : z z "*^* >--iri=.liLare«i. Tissue from the 
'i* i^t *a"- i f r ji >~- "■ ,ri • - r? ?». '^3 •"■■-■ -b , 

■416^ — '^-TZir "--T 7::- LTL- zjL •* TTi ir- *r»-*i« an«i abseess forma- 
t: :: ir. r.^* I- x-- l- .- : if - r.^.- ■-::* :-Viri*T ->£ ri^tt *i«ie. Pneumococcus 
IV wi* ' •♦i":-: fr=: *i- '". *-.i. rc'i* -^=^^r si". rlr^it main bronchus. Xo 
<tr«ri* T.--^.*i w^T^ f'-^Lii :^ **—*i 3.- frs. t^-? a^-v^MW in the right lung. 

'Y\w tV»rei:omz •»i>>^nrati»>r.> •i^-mon>trate that suppura- 
tive pR«^um«»nia with al«>:v>s tV»riuation follo\rin^ influenza 
is with few ♦•x<-epti«'n> eau>»-»l hy S. hemoh-tieus. 

Tl.f autop>ies iTahle XLVi \ in which pneuniococei liave 
htvii f<aiii«l ii; a»<H-iar:«*rL wit]; lit-niolytie streptococci in the 
l>loo«l or hmirs iiiJirat*^ tliat ]>nenm<H*«H-ci have had a part 
in the protlnrtioii of fai;^l I'Tienmonia. 

Taf. .r XLVI 



CTLTI'RE FROU 

AlTOrSY a LTTT.F FSOM BIiVC- m.TTRE FEOM LrXGS _ 

BROXCHTS 



2."»S S. luni. >, hrr ., Pn-iiT.\. IV 

R ir f. 
2S2 S. l.om.. riirvir... II S. horn., Piuun.. II S. horn., B. inf. 

Pneum. II, staph. 

;ur> S. ^,T^^... Piunini. II 

st.-i T -h. 
r»7S l^h uiii. ntv]\ 11 S. }!. n:., Prjtiim. atv]. S. hem., B. inf., 

TI I*noum. atyp. II 

:N1 S. lum. S. I'fT::., l^iriim. II 

PiuT.n.. IV. s*:u'h. 
:;s;; I'minii. ill S. lum.. Piifum. Ill 

B. inf. 
:;s7 s. limi. rn«^\:'^v II. sT;>]«h.. S. hem., pneum., 

R. inf. staph.. B. inf. 



Tlirst* ;uit(>i>sirs, iiotahly those in which pnenmococci 
\\i\\r htM'ii rouml in the hk^od, sniri::est that infection with 
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pneuniocoeci has precedcHl suppurative pneumonia caused 
by hemolytic streptococci. In a small immber of instances 
the sputum was examined in life after onset of pneumonia. 



Table XLVII 



AUTOPSY 

282 
288 
376 



SPUTUM 



Piu?um. IV. P. inf. 
S. hem., B. inf. 
(No S. horn., Oct. 8) 



CT'I/rURKS FKOM BLOOD, LT'N(JS AND BRONCHI'S 

S. ht*m., Pnenm. IT, 8tn[)h., B. inf. 

S. hem., B. inf. 

S. horn., staph., B. inf. fOct. 11) 



In 2 of these 3 cases infection witli hemolytic streptococ- 
cus occurred subsequent to the onset of pneumonia. 

Several observations li(»lp to exphiin the occurrence of 
abscess in association Avitli the pnemnonia of influenza. 
The fissures which will be descril)ed in associaticm with 
bronchiectasis represent traumatic ruptures of the bron- 
chial wall consequent upon weakenin<]: by necrosis and over 
distention. They expose the injured lironchial wall and 
the alveolar tissue adjacent to it to infection by the micro- 
organisms contained within the lumen of tlie inflamed 
bronchus. Occasionally a favorable microscopic secticm 
demonstrates the reflation of pulmonary necrosis and con- 
sequent suppuration to injuries of the bronchial wall. 
Peribronchial fibrinous piHMimonia occurs about the bron- 
chi of which the epithelial lininjs: has been destroyed, and 
when a fissure penetrates the bronchial wall fibrinous pneu- 
monia is almost invariably found in a zone about the tear; 
it doubtless tends to linn't the (extension of the proc(»ss. 
Occasionallv, wide areas of necrosis occur within consoli- 
dated tissue near the site of the fissure (Autopsy 312 with 
S. hemolyticus and B. influ(^nz<T, p. 254). Accumulation of 
polynuclear leucocytes betwec^n living and dead tissue may 
form a line of demarcation (Autopsy 387) ; finally, fairly 
large, irregularly formed, abscess cavities are found. 

Necrosis and beginning suppuration in ccmtact with the 
lumen of the bronchus will be described in association with 
bronchiectasis (Autopsies 312, Fig. 24, and 423, p. 2r)()). In 
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tlio followin<»: autopsies in)oii individuals who have died 
witli pulmonary ahseosscs, favorablo niicroseopic soctions 
liavo donionstrat(Hl abscess formation in contact with lesions 
which have penetrated the walls of small bronchi. They 
hoi]) to explain the ])atho.i;(Miesis of absc(»ss in association 
with influenza. 

Autopsy 376. — H. M., white, ngod twenty-four, a fireman, resident of 
Oklalionin, had l>een in military service one month. Onset of illnes.<< oc- 
curred October 1, ten days before his death; he was admitted to the base 
hospital on the fourth day of his illness with the diagnosis of broncho- 
[;neumonia. 

Anatomic Diagnosis. — Acute bronchojmeumonia with patches of lobular 
and confluent lobular consolidation in both lunj^s and hemorrhagic peri- 
bronchiolar consolidation in right uj>i)er lobe; abscess in right upjier lobe 
below jileura; fibrino|»urulent i)l(Mirisy on right side; i)urulent bronchitis; 
bronchiectasis at base of left lobe. 

An irregular abscess, 2x1 cm., filled with creamy jmrulent fluid is 
separated from the interhdnilar surface of the right ui)per lobe by a thin 
membrane re])resenting the j)leura. The right ])leural cavity contains 200 
c.c. of turbid yellow tluid in which is soft fibrin. The bronchi contain 
])urulent fluid in great abundance. The bronchi at the l>ase of the left 
lower lobe are widelv dilated, so that manv small bronchi with no car- 
tilage in their wall measure from .3 to .") mm. in diameter. 

Cultures show the ])res(»nce of hemolytic stre])tococci in tlie blood of 
the heart and in three plates from the lung; B. influenza* and S. aureus 
were found in the left bronchus. 

The bronchi have wholly or partially lost their ej)itlielium and there 
is deep erosion of the walls. Cavities containing i>olynuclear leucocytes 
occur within the alveolar tissue; in some instances pus containing cav- 
ities are surround<'d by al\(»olar tissue, but in other jdaces it is evident 
that they have had their origin in bronchi. In a short segment of the 
circumference the wall of th(» ]»reexisting bronchus is j)reserved and 
consists of sfpiamous epithelium, vascular connective tissue and smooth 
muscle. The remainder of the bronchus has disaj)|)eared and a cavity is 
}>roduced. The very irregular wall of the cavity is formed by jiartially 
destroved alvecdi tilled with fibrin and leucocvtes. 

• • 

Autopsy 387. — (\ M., white, age<l twenty-one, laborer, resident of Miss- 
issip)>i, had been in military service twenty-one <lays. Illness began on 
Sc^ptemlx'r 22, iiineteen days before denth, an«l the ])atient was admitted 
to the h(»s|)ital on the sanw d:iy with a diagnosis of bronchitis; a diagnosis 
of broncho] neumoniji was inade on October 2, nine days before death. 
The leucocytes on Oct(d)er '^ numbered SOOO (small mononuclear, 36 i)er 
cent; large mononueI(>ar, .") |)er cent; pcdynuclear, r)9 per cent). 
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Anatomic Diagnosis. — Acute l>r()iu'l)o]>n(Miiuonia with consolidntion in 
right upper \o\w jiikI hcmorrh.'i^^ic pcrihioiicliiolar coiisolijlation in loft lower 
lobe; absi'ess below pleiirn in left lower lobe; juirulent pleurisy on both 
sides; edeni.i of niediastinuni; ])urulent bronchitis; bronchiectasis. 

There is advanced broncliiectasis, and bronchi with no visible cartilage 
are dilated to from 4 to S nini. in diameter; they contain ])nrulent fluid 
which wells up from the cut surface. About dilate<l bronchi there is in 
jdaces dull re<l or grayish red conscdidation forming an (^ncirding zone. 
Situated bel(»\v the jdeural surface within an area of consolidation at the 
posterior border of the left lower lobe there is a spot ',\ cm. across where 
the tissn<» is yellow and has in jdaces undergone purulent softening. Sev- 
eral smaller abscesses occur nearby. 

Cultures from the blood of the heart and from the edematous medias- 
tinum contain hemolytic stre|>tococci. From the abscess are grown S. 
albus, Pneumococcus If Jind H. influenza'. The purulent contents of a small 
bronchus contains S. hemolyticus, I?, intluenzsi', S. aureus and a few i)neumo- 
coeci. 

Microscopic examination sh(tws that the e])ithelium of dilated bronchi 
las disaj)p('ari (1 and the denuded surface is covered by tibrin and polynucl(»ar 
leucocytes: fissures extend fr(»m the lumen through the bronchial wall into 
the surrounding alveolar tissue. A zone of fibrinous j)neumonia surrounds 
these bronchi and fissures in the bronchial wall j)enetrate into this zone. 
One dilated bronchus 2.4 mm. in diameter with n(» cartilag(» in its wall 
has vascular connective tissue covered by (>pithelium on one side, whereas 
the remjiinder of the circumt'i'rence 's formed by ex])osed alveoli filled with 
fibrin, the bronchial wall having <lis;ij»p<'are(l. A section through a part 
of the abscess which has bei'u mentioned shows a verv irreijuljirlv formed 
cavity aj>] roximately 1 x 0.7 cm. Kemains of bronchial wall, c(»nsisting 
of verv vascular tissue covered bv flat epithelium in several lavers, indicate 
the origin of the cavity. Hetween these remnants of bronchi deep ])ockets 
extend into the |)ulmonary tissue which in the margin of the cavity is the 
site of fibrinous pneumonia. In one j)lace. in contact with the cavity, a 
wide area of consolidated tissue has un«lergone necrosis and both alveolar 
walls and their contents haVe lost their nuclei. Leucocvtes which are 
accumulating at the margin of the necrotic jtatch form a line of demarca- 
tion between living and dead tissue. 

Al)Sf*oss may l)o i\w n^siilt of tlie j)r()r()iiiHl cliaii^vs wiiich 
oc*(*iir ill {\\o l)r()JK*lii as tlio result of inHuouza. X(»(*rosis 
caused I)v bacteiia ^villli^ llu» l)roii(*lii woakcMis aii<l iu 
])la(*ps destroys tlu^ wall, liaeteria jHMK^tratc* into the sur- 
roundin*^^ tissue and lieuiolytie sti-eptoeoeei (or staj)liylo- 
eoeei) may produce localized al)sc(»ss(»s. These abscesses 
are usually situated ii(»ar th(» pleui-al surface of tlu* luufr, ho- 
cause destructive changes causing- rupture of the bronchial 
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wall occur more frociuciitly in the smaller peripheral bron- 
chi than in the larf!:er bronchi containing cartila^^e. Ab- 
scesses occur more freciuently at the bases of the hmgs, 
because the most severe changes in the bronchi occur in 
the dependent part. (See ''BronchicKJtasis," p. 240.) 

Healing of Abscess. — The following autopsy is of interest 
in relation to the treatment of pulmonary abscess and as- 
sociated empyema. 

Autopsy 467. — P. C, \vliito, a^cd twcnty-fivc, a farmer from Missouri, 
liad been in military service three months. Illness began September 27, 
thirty days l)efore death, and the patient was admitted the day following 
onset with headache, backache and cough. Pneumonia with consolidation 
in the right lower lobe was recognized on the sixth day of illness. On the 
ninth day r>00 c.c. of fluid were withdrawn from the right pleural cavity; 
there wore cyanosis and dyspnea. On the eleventh day 700 c.c. of fluid 
were withdrawn. On the twelfth day thoracotomy was j>erformed and 100 
c.c. of greenish fluid were removed. The i>atient's condition improved for 
a time, but on the twenty-sixth day 1,000 c.c. of straw colored fluid were 
asj)irated from the left ]>leural cavity and on the twenty-eighth day the 
same amount of seropurulent fluid was withdrawn. 

Anatomic Diagnosis. — Prenling abscess of right lower lobe communicating 
with the jdeural cavity; acute purulent ph'urisy with closed thoracotomy 
wound on the right side; purulent pleurisy on the left side; acute broncho- 
]>neumonia with lobular cons<didation in the left lung; purulent bronchitis; 
bronchiectasis with formation of spherical bronchiectatic cavities; acute 
splenic tumor. 

At the base of the right chest is a closed thoracotomy wound 2 cm. 
in length; the right ])]eural cavity contains 200 c.c. of thick creamy pus 
and the cavity is lined by a thick tough membrane. The left pleural cav- 
ity contains S()() c.c. of white i>ur»ilent fluid thinner than that on the right 
side. The right lung is compressed into the posterior and inner part of 
the chest. The up])er lobe is junk and air containing; the posterior and 
lower ])art of the lowi'r lobe is red and atelectatic, and fibrous septa arc 
more cons|iicu()us than elsewhere. The j»leura of the external surface near 
the basal edge, in an area 2 cm. across, is depressed and yellowish gray in 
color. In the center of this ar(»a is a small oj>ening communicating with 
a ])(>(krt 0..') rni. across within the substance of the lung. 

In the lower lobe beneath the interlobular surface are two spherical 
bronchiectatic cavities, each about 1..") cm. across, with smooth lining in 
ccMitinuity with two branches of the sani'? bronchus of medium size. 

Hacteriologic examination showed the ])resence of S. hemolyticus in the 
blood of tlie heart. No growth was obtained from the left lung; the left 
jileural cavity containe<l hem(»lytic streptococci and S. aureus, the latter in 
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small number. S. liemolyticus and B. influenzae were grown from the left 
main bronchus. 

A microscopic section through the abscess and its communication with 
the pleura shows that its cavity contains polynuclear leucocytes and the 
wall is formed by granulation tissue covered by fibrin. Some alveoli out- 
side the abscess contain compact balls of fibrin containing a few fibroblasts; 
this fibrin stains deeply with hematoxylin as if it contained calcium. The 
surface of the lung is covered by fibrin in process of organization. 

In the foregoing instance a pnlnionary abscess on the 
right side has ruptured into tlie pleura and, completely 
separated from the adjacent lung by a wall of newly formed 
tissue, is in process of healing. It shows that these pul- 
monary abscesses below the pleura may heal provided 
drainage is established ])y rupture into the pleural cavity 
and subsequent evacuation of pleural exudate. It is note- 
worthy that in this instance empyema extended from the 
right to the left pleural cavity, both S. hemolyticus and S. 
aureus were found at autopsy. The thoracotomy Avound 
on the right side was closed at autopsy. 

Interstitial Suppurative Pneumonia 

A second type of suppurative pneumonia is characterized 
by acute inflammation of interstitial tissue between the sec- 
ondary lobules of the lung and by acute l\nnphangitis ; sup- 
puration involves the interstitial septa and the walls of the 
lymphatics. The lesion is designated by Kaufmann,^ 
Beitzke^ and others acute interstitial pneumonia. Pneu- 
monia dissecans in which solution of interstitial tissue iso- 
lates sections of lung tissue is said to be a conse([uence of 
the lesion. Many text books of pathology, overlooking 
the occurrence of this lesion, limit the consideration of in- 
terstitial pneumonia to chronic processes in Avhich the in- 
terlobular and interalveolar fibrous tissue is increased. 

Acute inflammation and edema of the interlobular septa 
of the lung with no suppuration is often found Avith both 
lobar and bronchopneumonia and is occasionally so far ad- 

'Kaufmann: Sr»czielle Pa»holoj?ische Anatomic. 1909, ed. 5. p. 260. 

'Heitzkc: Respirations Organe. Aschoff's Path. Anat., 1913 ed. 3, Vol. TI, p. 308. 
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These lines of suppuration invariably oxtond up to the 
pleura and are often broadest immediately bellow it. Adja- 
cent septa which have not undergone suppuration are mueli 
thickened and have the yellowish gray appearance produced 
by edema. 

Suppurative interstitial pneumonia frequently occurs in 
association with bronchopneumonic consolidation which 
may be peribronchiolar, hemorrhagic or lobular, but there 
is in addition consolidation of the pulmonary tissue between 
the inflamed septa which may affect part of a lobe, an en- 
tire lobe, or parts of several lol)es ; it does not exlii])it the 
characters of conflu(Mit lobular pneumonia. 

In approximat(*ly half of the cases consolidation, asso- 
ciated w4th interstitial suppuration, has l)een lobar in dis- 
tribution (Fig. IT). The tissue is laxly consolidated, finely 
granular, and has a cloudy red or gray ai)pearance. The 
coarsely granular surface of lobar pnc^unumia is absent. 
The affected lung may weigh 1,500 or 1,650 grams. Oc- 
casionally, interstitial septa of air containing lung tissue 
is the site of suppurative inflammation or edema. In 
Autopsy 452 the lower lob(% save a small part at the base, 
is laxly consolidated; interstitial septa in the consolidated 
area are yellow, 1.5 to 2 mm. in thickness, bc»aded and ex- 
ude purulent fluid on pressure. In the adjacent part of 
the upper lobe there is a patch of consolidation, and a net- 
work of yellow tliickene<l septa extends from it far into the 
sun'ounding air containing tissue. The weight of the right 
lung is 635 grams; of the left, 1,650 grams. 

The distribution of interstitial suppuraticm in 21 in- 
stances, including 4 in which the lesion has occurred in the 
same lungs with abscess formation, has been as follows: 
right upper lobe, 9 instances: middle lobe, 4; lower h)be, 5; 
left upper lobe, 7; left lower lobe, 6. In 6 of th(*s(» autop- 
sies more than one lobe of the same lung has becMi affected 
by the lesion; in 2 autopsies i)arts of both lungs have been 
affected. Localized abscess of the lung is more common in 
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;■. .«'•.;■.■:>.■• - .*' J' •■— : *.-..- "."."'/. i";-*^ .'iT'- * ::.-ten«i«?ii and con- 
*-%!.. ;: .."• ^ ivc z:' :■•:.; -y'r^.:. vhi.-ii I^iifi>eytt?$ are nu- 
r.'.'-/'. .y.. f.-.:!;^ ;■...-...>'■ r -•i-r.-is. • :' '1- invrrtitial tissae has 
i'l^"'-/. r-t'-«-, -•:'.. 7..-fi >^* >i .•=..•--- :■■;::• riii.-^ in association with 
rir^*ryf.''ir.:'.'- .. -•:.•. .••.!;^ Ai'-r.-v i'o ^-i:ii Pneamoeoeeus II: 
A'-^.f)".- X\Ty, '.* i*:'. F*:'.-";:':i<M^i>:«-Ti^ [V anil S. viridans; An- 
t.op^V +77 ' it-r. S. r.-rij.lj.Ti'r-iTi an-i Aatopsy 498 with S. 
'/.t'j\a\:^.\: r-A-i'"*-'- '.* i*:!. l-jlmr j.-ri-MrriMnia ( Autopsy 343 with 
Vx\f'\ui\f,f'f)^'f'\\r rv ;ffrni A'lt'ifisy o-'i^j vrith atypical Pnen- 
rn^i^to^'/'ija f [) : f/Aifv. yith r*orfiFiinfiI lobar ami broncopnen- 
u\uu\u ^Aiit.op-y j7-{ uith S. hf^riioIyt^His an^l Pneumococcns 
IV' /'irj^l Autopsy .';r»7 V irii rn*MniKM-«X'rus TV). Edema of 
int/r.-tifi;il r^fit?i. u;ii r^*fojrriiz»**l at autopsy in the imme- 
i\\i\\(' ri'-itrfjIiorFioofl of an absr-rss tlireo times (Autopsies 
ii77 ;inH 27S with Ii<riiolytir* stn-ptor-ocr-i and Autopsy 282 
\k\\\\ liM[iolytirr sf n^fitorocci aiul T^ieumococcus II). In 
\\\fri' ifjHtanfi'S r»f inflaiMiMation aii<l odoma the lymphatics 
an- round dish-nd***! h\ fibrinous thrombi, and it is probable 
fliaf orchisidn of lynifibafifs dot(»rmincs tho occurrence of 
indaniniatory edema within tho surrounding tissue. In- 
Ihinnnafinn h'ls not firocccdcd to suppuration. 

Wilh inlerslilial suppurative* pnoumonia, interlobular 
rniMH'rlix'c lissu<' is mark(Ml I)y conspicuous yellow lines, 
I In .'» nr v\r\\ ."> nuu. ill lhickn(»ss, forming a network with 
pnls !vnnal meshes which re|)resent st^'ondary lobules (Figs. 
in \\\\\\ II). The disliMided septa not infrequently have 
l»«'jhl like iMilaru'ements at intiM'vals and from the cut sur- 
r.'ieo ii is often pt)ssih!e to scrapi* away creamy yellow pus. 
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211) pxEi'jinxiAs Axri ixkections or iiE,spinATom* tract 

4 autopsies hemolj'tic streptococci liave Im-cii found in the 1 
blood of the heart and in lungs or bronchi. 

Empyema has been present in all hut 3 of 21 instances of I 
interstitial suppurative pneumonia. 

Histologic examination of lungs with interstitial sup- 1 
puration shows that the interlobular septa are distended by f 
serum and contain a conspicuous network of fibrin. Poly- 




nuclear leucoc\i:es are present in varying number, and at 1 
times densely infiltrate the distended tissue; it is not uu- ] 
common to find a zone of densely crowded polyniiclear leu- 
cocytes along each edge of the septnm, whereas the central ] 
part contains comparatively few. Occasionally, there 
hemorrhage into the distended connective tissue. 
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Witliin the disteiideti septa ooeur greatly dilated lym- 
pliatics iilieil witli i»ol\nuK'k'ar leucocytes (Figs. 12 and 13). 
Thrombosis of the distt'iuled lympliatics has usually oc- 
curred, and a c<)U^;]ticH<ms network of fibrin in wliicli arc 
polynuclcar leucocytes plugs the lumen. Streptococci in 
chains of variable length are found in the inflamed inter- 
.stitial tissue, but are present in far greater uumiicr within 
the distended lymphatics. 




Xpcrosis of tile cells which fill the lyi[i|ih;itics n^'curs in 
spots, usually in the center of the thrombus, and occasion- 
ally affects the entire contents of the lymphatic; ]n)lynu- 
I'lear leucocytes have lost their nuclei or in some the nu- 
cleus has undergone fragmentation. In these spots the net- 
work of fibrin has disappeared. Xot infrequently the wall 
of the lympliatie in a siriall sector or tliroufjhout the cir- 
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cuiiif'-n-ii^'*- La> u:A*-T'J' ii*- Li»HT«»si>. an«i sfH>ts of necrosis 
niav r,H^-cur iu tb»:- iiit^rrl'lmliir s»-T»ia «ii>teinied l»v inflani- 
njatorv <-xu*Jat»-. Wl.^-r»-v»-r ne* r« sis has ott?urred, chains 
of >XT*'i>lfM'*.K'^''i ar»' jir^-s*-!:! ill iiiini»-ii>e nuniVier. 

Ac^'UiJiulat*K»ri ••! i»olyimrk-ar lviic» scytt-s. necrosis of these 
f'fAh, solution <-i filjrin at first in tlu- centers of the hin- 
pLatic tlirrniilius aij«l later tlir»»ui:h«>ut. occasionally with 
necrosis of tli*- wall of tin* v*'ss«.4, result in the formation 
of an ahsce>s at the >ite of tli»- «li>tond«*«l lymphatic. These 
lyinjiliatics, «niate«l l>y puruh-nt fluid, may have a diameter 
from 2 to 3 mm. and may <'aust* considrrahle compression 
and collajise of imm«*iliately a«ljac»-nt alveoli- LjTiiphau- 
jritis. distention of lymj>liatirs. thromlwisis and finally sup- 
puration may f»ccur in tin- lymphatic vessels encircling the 
blood v*->sels and in thos*- >ituatcMl in the adventitia of the 
hronr-hi of medium size. 

The alveoli adjacent to th<' ilisttndcKl sopta are filled by 
inflammatory jn-oducts: edema is almost invariably pres- 
ent and tlir* alveoli may contain serum and desqiiamatoil 
eintlielial c<»lls: lilnin is often present, hut more frequently 
l>olyiiuclear leucocytes are i»re<lominant. Xot infrequently, 
ahserss formation, recournizetl microscopically, has oc- 
curred in contact with septa most often inmieiliately below 
the j)leura. Polynuch*ar leucocytes are present in immense 
iiumher and alv(M>lar sei)ta have disappeared: occasionally, 
with aliscess formation there is more or less widespread 
n(*crosis of tissue, cells ])oth of the exudate and of the alve- 
olar walls havinjr lost their nuclei. 

Lyin|)hatics in many places are distemled and jdugged 
hy lihrinous tiiromhi, whereas elsewh(»re softening of the 
thi-onihus has h<»en brouirht a))out ))y sui)puration. Sup- 
puration, both wiliiin tin* lymphatic and in adjacent alve- 
oli, appears to )>(» sec(ni(hiry to lymphatic obstruction. In 
some instances the lymphatic app(»ars to have undergone 
distention aft(»r the throml)us has formed, for between the 
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tlirombus and the wall of the Ijiiipliatie a cliaiiiiel is ocra- 
sioiially found containing iincoagulated lymph. 

Acute eudophk'l)itis has l)ecn repeatedly observed in as- 
sociatiou with intoistitial sii])|iurative pneumonia (Fig. 
14), The lesion usually urcui's in veins situated within the 
septa which are the site of intensely acute inflammation 
associated with necrosis. The wall of the vein appears to 
he so in,]'urpi! Iiy (he siirmninliiii: '■liniiL'-i's Ihiil pi>hinK-1oar 




icucoeytes and small mononuclear cells accuiuulate below 
Die endothelium. Throughout the firfuni fere nee of the 
veins, often 0.5 to 1 nun. in diameter, the endothelium is 
separated from the underlying media by poljTioelear leu- 
cocytes which form a conspieuons zone encircling the lu- 
men. Some cells of lymphoid type are usually present 
among the polynuclear leucocytes. Polynuelear leucocytes 
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are often adherent to the endothelial lining of the vessel 
and are not infrequently fixed in the process of passing 
through the endothelium. The lesion may be more severe 
(Autopsy 325), so that the endothelium has disappeared, 
and upon the exposed surface fibrin is deposited; within 
this fibrin polynuclear leucocytes are numerous and nu- 
clear fragmentation has occurred. The middle coat of the 
vessel usually contains few cells; some polynuclear leuco- 
cytes within it may be stretched out as if in process of wan- 
dering through the wall. 

In other instances the accumulation of cells below the 
endothelium is almost wholly mononuclear. Cells of the 

« 

type of lymphocytes occur, but more abundant are slightly 
larger cells with more abundant cytoplasm. These cells 
may form a thick zone below the intima throughout the en- 
tire circumference of the lesion. It seems probable that 
these cells, like the pol>^iuclear leucocytes, are derived from 
circulating blood within the lumen of the vessel, for small 
cells of the type of lymphocytes are not infrequently found 
adherent to the lumen and occasionally one is fixed in 
process of passing through the endothelium. 

This endophlebitis appears to be the result of changes 
outside the vessel; there is usually necrosis of the adjacent 
tissue and the production of the lesion is favored by lymph 
stasis; as the result of injury to the vessel wall, polynuclear 
leucocytes in response to chemotaxis, or with milder irrita- 
tion, mononuclear cells, wander through the endothelium 
and accumulate below it perhaps on account of the greater 
impermeability of the middle coat to the passage of cells. 

The lesion described does not occur exclusively with in- 
terstitial suppurative pneumonia caused by hemolytic 
streptococci, but has been found in association with abscess 
formation (Autopsies 354 and 383) caused by hemolytic 
streptococci or (Autoi)sy 322) caused by staphylococci. 
In 1 instance it has been found with lobar pneumonia (Au- 
topsy 320) caused by atypical Pneumococcus 11 and in 2 
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instances with combined lobar and bronchopneumonia 
(Autopsy 357 with Pneumococcus IV; Autopsy 392 with 
Pneumococcus II). In these 3 instances there has been in- 
terstitial inflammation, edema and lymphangitis without 
suppuration. 

Interstitial suppurative pneumonia of long standing may 
occasionally be accompanied by chronic changes which 
bring about thickening of the interlobular tissue. In the 
following autopsy acute suppurative inflammation in the 
left lung has been associated with conspicuous thickening 
of interlobular septa in the right lung. 

Autopsy 474. — T. H., white, aged twenty-one, was a native of Oklahoma 
and had been in military service one month. His illness began with influenza 
thirty-six days before death ; he was admitted to the base hospital thirty-one 
days before his death with signs of pneumonic consolidation of the right 
lower lobe. Evidence of fluid in the right pleural cavity was obtained two 
weeks ))efore death, and from 100 to 700 c.c. of thick purulent fluid were as- 
pirated on five occasions. Hemolytic streptococci were found in the aspirated 
fluid. 

Anatomic Diagnosis. — Interstitial suppurative pneumonia in left lung; 
abscess of right lower lobe with rupture into pleural cavity; thickening of 
interlobular septa of right lower lobe; double purulent jdeurisy with thorac- 
otomy on right side; serofibrinous pericarditis. 

The right pleural cavity contains 85 c.c. of thick purulent 
fluid; the right lung (Fig. 9) is collapsed and pushed to the 
median line, being bound by firm adhesions to the pericar- 
dium. Over the external and basal surfaces is a localized 
cavity walled off by adhesions. An abscess cavity in the 
lower part of the lower lobe communicates through a per- 
foration in the basal surface of the lung with the pleural 
cavity and is in free communication with a small bronchus. 
About the abscess the lung is red and laxly consolidated, 
but elsewhere air containing; throughout the lower half of 
the lower lobe, the interlobular septa are marked by con- 
spicuous yellowish gray lines about 1 mm. in thickness. 
Between these thickened septa the lung tissue contains air. 
The lung weighs 600 grams. The left lung (Fig. 10) is vo- 
luminous and heavy, weighing 1,320 grams. The surface is 
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V'/i* "vi'* ••/••*•"-%. ''•^ :TA i»'- .■". ".•••1 "-j^'£Hi»**L r«7" T-^-aiaff 
?.'.•'...• V.-.'..*- ..":. ''•>,*.^: v;.*. .;-'.:^..;v. L -aj-^E a -f-r"*" p-Iasnia 
// ,..' f/^^,v " ''r.^y;. y^-i^Lr '^'^.-•' xl:.-, zrar-~lAr^^yT->pia>ni are 

^>,,',.' ;> 1' • ;//,;, ;^'>'f:r ^'V--^*-;'* — t:.*: ::.:i:-y ?yii:ir«hoi;l ami 

ti^/».- ff'/r/, fJi" ri:/}i* Jur:;r t'-oa • ij.f.iirativM h-inphaiisritis 
■//iU» ;!tj|/|#»ii;ihv'' \ui\ii\uiu'nXutu of iiit'-r>titial tissue. 

'!!»'' rij/lH lijrii^ i.- th" .••it'' of a h^'aliii^ W-sirii of the inter- 
t-fifuil f)is*ij<' viliif'h ha* rif'V<'lopr'<I siiiiultaneonslv with 
iirMt«' inf'M v*J if iai --ijifpiiralivf* piH-iunoiiia in the left lung:. 
Kolh lii-ion:- an* rloiifil !<*.«.- r'aiisr^d hy S. lioniolyticus. This 
Ih'mIiii^/ h'j'ioa <'\liihifH lilllc similarity to the interstitial 
hf iiiMlio|ifMiimonia ilrscrilM'd l>y several observers with 
Itnlh wwwWw \\\u\ inlliicii'/a. 

Till' lnlluvMiir, /nilnpsy runiishes I'urtlier evidence that 
iiili'i -liliMl f iippiirnlivp pncninoiiia (»xliil)its a tendency to 
liiwd rniliriTMlinn of rndolhelial (*(»lls lininji: the inflamed 
l\ mpliniiivi \\\\\'H risr In |»hn.u'o(*yH(* rclls which aid in re- 
niovmu. Ilh» ntMMniuila(4Ml h'ucoeytes. 
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Autopsy 397. — N. P., white, aged twenty-one, farmer, a native of Okla- 
lioma, had been in military service twenty-one days. Illness began twenty-two 
days before death, the patient being admitted on the day following onset 
with influenza, pharyngitis and bronchitis. A diagnosis of lobar pneumonia 
was made fourteen days before death. The left pleural cavity was aspirated 
twelve days later and 800 c.c. of thick yellow pus were withdrawn. Hemolytic 
streptococci were foun<l in the sputum five days before death. 

Anatomic Diagnosis. — Interstitial suppurative pneumonia in left upper 
lobe; acute bronchopneumonia with lobular consolidation in right upper lobe; 
localized purulent pleurisy on left side with com[)re8sion and atelectasis of 
left lung; compensjitory emphysema of right lung; purulent bronchitis; be- 
ginning serofibrinous pericarditis; chronic passive congestion of liver, spleen 
and kidneys. 

The right lung is very voluminous, free from coal pigment and bright 
pink save over lobular patches of consolidation which have a bluish red color; 
the bronchi contain mucopurulent material. The anterior surface of the left 
lung is bound to the chest wall by firm adhesions, but over the external and 
posterior surfaces of the lung there is a localized cavity containing 1,100 c.c. 
of turbid fluid. The left lung is collapsed and airless with deep fleshy red 
color. In the upper lobe there are scattered patches of consolidation 1.5 to 
2.5 cm. across where the tissue is grayish red and coarsely granular. In the 
adjacent tissue interstitial septa are thickened to 1 or 2 mm. and are con- 
spicuous as gray bands. Along their course occur bead-like swellings from 
wl^ich purulent fluid can be scraped. These septa at one point reach, the 
anterior surface of the lung where the i)leural cavity is in large ])art obliter- 
ated by adhesions; here there is an encapsulate<l pocket 4 x 1.5 cm. con- 
taining thick creamy pus. 

Bacteriologic examination of the blood shows the [)resence of hemolytic 
streptococci; cultures from the lungs contain hemolytic streptococci and B. 
influenza?. 

Microscopic examination shows that interlobular sejita arc thickened and 
infiltrated with plasma cells in large number. Leucocytes in the center of 
much dilated lymphatics have undergone necrosis and have lost their nuclear 
stain. About the periphery of the lumen and evidently derived from the 
swollen endothelial cells which surround it, are numerous large mononuclear 
cells. They act as phagocytes and ingest j)olyiuiclear leucocytes. Multinu- 
cleated giant cells, derived from these cells, occur. In several places throm- 
bosed lymphatics in ])roces8 of organization occur; the lumen is filled with 
compact fibrin which is invaded by fibroblasts and newly formed capillaries. 

The process just described is analogous to that which oc- 
curs whenever an unopened a))scess heals; mononuclear 
cells accumulate and act as phagocytes ingesting polynu- 
clear leucocytes. 
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The followinji^ instance of streptococcus empyema is note- 
worthy because no suppurative pneumonia has been found 
in association with it. Nevertheless the character of the 
changes present in tlie lung indicate that the organ has 
been the site of an interlolmlar inflammation which has 
healed. 

Autopsy 499. — J. H. M., white, aji;od twenty-four, a farmer from Arkan- 
sas, had been in military service five months. Onset of illness beg^an two 
weeks before liis admission to the hos])ital on November 15 with cough, fever, 
headache and malaise; on admission there was acute bronchitis. Thirteen 
<lays after admission the patient developed parotitis (mumpsf ) ; ^ye days 
later and five days before death ])leurisy was recognized on the right side 
and pneumonia was suspected. Death occurred thirty-six days after onset. 
The temperature on admission was 103.2° F. and remained elevated during 
one week falling by lysis; from this time until the pleurisy was recognized 
it was normal and later it remained approximately 103° F. 

Anatomic Diagnosis. — Fibrinopurulent pleurisy on right side; fibrinous 
]»leurisy on left side; fibrinopurulent pericarditis; chronic interstitial (inter- 
lobular) .pneumonia in process of healing; purulent bronchitis; acute splenic 
tumor; ]>arenchymatou8 degeneration of kidneys. 

The right pleural cavity contains 1,650 c.c. of grayish yellow fluid con- 
taining an abundant sediment of softened fibrin. Part of this fluid, more 
opaque than the remainder is confined in a localized pocket between the inner 
surface of the lung and the pericardium. The apex and anterior surface 
of the right upper lobe, over an area about 7 cm. across, is held by fibrinous 
adhesions to the chest wall; when this adhesion is broken a pocket is exposed 
r».5 X 2.5 cm. containing fibrin and fluid. The pericardial cavity is distended 
by 350 c.c. of turbid yellow seropurulent fluid. The pericardial surfaces are 
covered by shaggy, tough gray fibrin. 

The right lung is collapsed ; the lower and posterior part of the uppv»r 
lobe is deep red and atelectatic. Throughout the upper lobe the interlobular 
septa are thickened, often 1 mm. across and very conspicuous; in the lower 
and anterior tip of the lobe is an area where tissue is firm grayish red and 
heavier than water. The lower and posterior half of the right lower lobe 
is firm and airless, and the tissue is red<lish gray or gray and in places finely 
granular on section; interlobular septa are conspicuous. Although the lung 
is cut into thin sections, no abscesses are found. Bronchi throughout the lung 
contain nuicopurulent fluid. 

The left lung over its lower half is covered by a thin layer of fibrin. The 
tissue is crepitant throughout and moderately edematous. Bronchi contain 
mucopurulent fluid. 

Hemolytic streptococci in pure culture are obtained from the blood of 
the heart, right ])loural cavity and pericardium. Xo gro^x'th is obtaine<1 
on a plate inoculated with material from the right lower lobe. The right 
bronchus contains hemolytic streptococci and B. influenza?. 
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The pleural surface of the right lung is covered by a thick layer of fibrin 
which has undergone advanced organization. Fibrous septa within the lung 
are much thickened by the presence of newly formed fibrous tissue; the in- 
terstices of the tissue are distended and contain fibrin into which fibroblasts 
and new blood vessels have penetrated. Some lymphatics are plugged with 
fibrin and contain polynuclear leucocytes, lymphoid and large mononuclear 
cells. In several places organization of these thrombi is beginning. About 
the blood vessels are thrombosed lymphatics in which polynuclear leucocytes 
and mononuclear cells are equally abundant. Alveoli immediately adjacent 
to blood vessels and to fibrous septa often contain fibrin, and alveoli elsewhere 
contain desquamated cells in abundance. 

In association with hemolytic streptococci in the blood, 
pleura and pericardium, there has been inflammation of the 
interlobular septa of the lungs with acute lymphangitis; 
there has been no suppuration and the lesion is in process 
of healing with new formation of fibrous tissue. It is evi- 
dent that this lesion, as well as pleurisy with advanced or- 
ganization, preceded the exacerbation of the patient's ill- 
ness which occurred five davs before death. The advanced 
chronic changes found at autopsy indicate that the pul- 
monary and pleural lesions had their origin during the 
illness which was present at the time of admission to the 
hospital. Interstitial pneumonia caused by hemolytic 
streptococci was of mild character and did not produce 
suppuration within the lung ; nevertheless, hemolytic strep- 
tococci which reached the pleura caused empyema. 

Suppurative Pneumonia with Multiple Clustered Abscesses 

Caused by Staphylococci 

In the preliminary report of this commission pul)lislied 
in The Journal of the American Medical Association, loc. 
cit., pg. Ill, we described suppurative pneumonia with mul- 
tiple abscesses caused by staphylococci and cited 4 instances 
of the lesion which followed influenza. Chickering and 
Park* published in a subsequent number of the same journal 

♦Chickering. H. T. and Park, J. H.; Staphylococcus Aureus Pneumonia, Jour. Am. Med. 
Assn. 1919» Ixxii, 617. 
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an account of stai)hylococcus pneumonia, a lesion which has 
heretofore attraet(»cl verv little attention. 

In a small group of eases al)seesses in the lungs have had 
characters wliicli serve to distinguish them from the ab- 
scesses previously described. Small, sharply circumscribed 
yellow nodules, which in th(»ir centers have undergone sup- 
purative softening, form a cluster upon a red, airless back- 
ground (f^igs. 15 and 1()). One or more of these groups 
several centimeters across, occur in the lungs. It is usually 
evident that the al)scesses are clustered about a medium- 
sized bronchus, but occasionally with increase in the size 
of the small cavities the lung tissue assumes a honey-combed 
appearance. 

These clustered abscesses occur in association with bron- 
chopneumonia and have been in all instances associated 
with purulent ])ronchitis. The mucosa of the small bronchi 
mav ])e destroved so that the surface is eroded. These 
small clustered al)scesses are seen as conspicuous yellow 
spots immediately below the pleura, but there has been no 
associated empyema. In 2 instances these abscesses were 
accompanied l)y fibrinous pleurisy, but in the remaining au- 
topsies the pleura has l)een normal. The infrequency of 
empyema is in contrast witli its almost invariable presence 
when a streptococcus al)scess is found below the pleura. 

Autopsy 280. — Onset of illiipss with malaise, headache, cough and fevcT 
was on Septem))er 24, eijjht days before death. At autopsy tliere were hem- 
(irrhajjic peribronchiolar an<l lobular bronchopneumonia, clustered foci of sup- 
puration in rijjht hing, purulent bronchitis and fibrinous pleurisy. Hemo- 
lytic streptococci were obtained from the consolidated lung and from a 
bronchus. A culture from the right lung was contaminated. In the bronchus 
were found B. influenza^ and a few staphylococci. Microscopic examination 
of the abscesses shows that they contain Gram-staining cocci grouped into 
staphylococcus-like colonies. 

Autopsy 286. — Duration of illness, which began September 25 with 
symptoms of inHuen/a, was nine days. At autopsy there were lobular and 
confluent patches of ])roncho])noumonia, clustered abscesses in the right lung 
l)elow the pleura, ])unilr'nt bronchitis, and serofibrinous pleurisy localized 
in the neighborhood of the abscesses. Pneumococcus IV was obtained from 
the blood of the heart, and Pneumococcus IV, stai)hylococci and B. influenztr 
from the right main bronchus; growth failed to occur on plates from right 
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lube, Auigpsy JJ3. 
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ami left lunjjs. MiTowojiic cxaminatioD fhoKS tbe presence ot clamps of 
e.in'i-i witb BtH|ihv]nfoccUE grouping id the centers of the small nhnrrrmriT 
Rei'tion through one sl>sees« shons its continuity with the wall of a bronchus; 
alonf; ono side of the abfceas is epithelium composed of flatteoed epitbeliAl 
ccIIh in niultiple layers continuous with that of the bronchus; the remainder 
lit the abscess wall is formed bv disintegrated lung tiwue. 

Atttopsr 322.— The patient nas admitted with influenza eight dajs be- 
fore death; iiKns of pneumonia appeared two days later, and on tbe follow- 
ing day Pneumoeoecus IV was obtained from the gpntum. At autopsy 




322. 



M of right upper 



tlicre wore bronehopneunionia with iotiar couBolidation, aliseesMS clustered 
about a. brouchus in the right upper lobe nnd purulent bronchitis. The 
blood w;m steriU'; S. aureus was obtained from the consolidated part of 
the loft Inntt; S. aureus and PueumaeocciiB III from the abscesses of the right 
lung. Microscopic exnminati«u of sections of abscesses showed the pres- 
ence of Grnm-wtaiuinjr cocci iu st.iphylocoecus-like colonies, surrounded by 
necrotic matprinl and polynuelear leucocytes; Gram-negative bacilli re- 
■embling B. influent were seen. (See Fig. 16.) 
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Autopsy 333. — The onset of influenza was fifteen days before death; a 
diagnosis of pneumonia was made seven days before death. At autopsy there 
were confluent bronchopneumonia, clustered abscesses in the right lung and 
purulent bronchitis (no pleurisy). The blood contained Pneumococcus II 
atypical. S. aureus and Pneumococcus II atypical were obtained from the 
abscesses; S. hemolyticus, from the consolidated left lung; S. aureus, B. in- 
fluenzse and a few hemolytic streptococci, from the bronchus. (See Fig. 15.) 

Autopsy 370. — The patient was admitted seventeen days before death 
and signs of pneumonia were noted three days after admission. At autopsy 
there were lobular and confluent bronchopneumonia and small abscesses clus- 
tered about bronchi and situated within the gray consolidated lung; purulent 
bronchitis and patches of atelectasis, with distention of the lungs, so that they 
failed to collapse on removal. No growth was obtained from the heart's 
blood; S. aureus in pure culture was obtained from the abscesses of the right 
lung; 8. aureus, Pneumococcus IV and B. influenza* were obtained from a 
small bronchus on the left side. 

Autopsy 426. — Illness began with influenza twenty-nine days before 
death; a diagnosis of pneumonia was made fourteen days before death. At 
autopsy there were chronic bronchopneumonia with tubercle-like nodules of 
consolidation with some large patches of consolidation, multiple small ab- 
scesses giving a honey-combed appearance to part of the right middle lobe, 
purulent bronchitis and bronchiectasis. S. hemolyticus was grown from the 
heart's blood; S. hemolyticus, B. influenza* and S. albus from the lung. Sec- 
tions of an abscess contain clumps of cocci. An abscess cavity has along one 
side remains of a bronchial wall covered by squamous epithelium; a dilated 
bronchus, cut longitudinally, terminates in this irregular abscess cavity. 

Table XLIX shows tlie incidence of pneumococci, 
hemolytic streptococci, staphylococci and B. influenzae in 
the foregoing autopsies with abscesses clustered about 
bronchi : 

Table XLIX 





NO. or 

CULTURES 


PNEUMOCOCCI 


HEMOLYTIC 
STREPTOCOCCI 


STAPHYLO- 
COCCI 


B. INFLUENZi« 




NO. 
POSITIVE 


PER CENT 
POSITIVE 


NO. 
POSITIVE 


PER CENT 
POSITIVE 


NO. 

POSITIVE 


PER CENT 
POSITIVE 


NO. 

POSITIVE 


PER CENT 
POSITIVE 


Bronchus 

Lung 

Blood 


4 

6 
6 


2 
2 
2 


50.0 

33.3 
33.3 


2 
3 

2 


50.0 

50.0 
33.3 


4 

4 


100.0 
66.7 


4 
2 


100. 
33.3 



Staphylococcus shows in the lung the same tendency to 
produce localized abscesses which it exhibits in other tis- 
sues of the body ; it invades the lung by way of the bronchi, 



1 



i^.'J^i I'NKrMOMAS \Sl9 INFE(,"TIOy> OY RE.SPIEATOBY TEL\CT 

liut .slio\v> no aliilitv to iuvaiK- Ivmnhatir-s, an<l in the eases 
\W' \inv(* r'xamiiM.'fl ran'ly <-nt<*rs the* pl#-ura or the hlood. 
In all of th^'sr* fas*'.- F>. irifliU'iiza- has iM^on foniul in the bron- 
r-lii aii'l jiorliajis ]fVo<*('<\o< tin* staijhyloc«x-eos as an invader 
of tin* low'^T n-spiratorv passairf-s. Pneiimoeocei atypical 
II, Tvpi-s III and IV liavi- 1k*<mi fouml in over half of these 
<"ASf'S. Tlir* si;rnifi(rancf* of this orjranisni is emphasize^l by 
flu* tl *'aH(*s in whidi it has hoen found in the heart's blood 
at autopsy. It app^-ars not improluible tliat S. anreus has 
invad<*d tli^ lun;r already the site* of bronchopneumonia 
<'aUHr»d by pn<Mnnor«r»r'ci. 

Xotwithslandin;:: tlio small nuuil>er of autopsies, the fig- 
UH's in Table XLIX, showing the incidence of pneuniococci, 
stn*ptococ('i, staphylococci and B. influenza*, are cited so 
tliat llicy may be coin|)arcd with the corresponding figures 
for the usual type of streptococcus abscess (p. 203). The 
inei<h»nce of heiriolytic streptococci is relatively low, 
whereas that of staphylococci approximates 100 per cent. 
S. aureus was prescMit in <i:roat number in the lung of Au- 
topsies IV22 aiKJ IVMi and in pure culture in the abscess of 
Autopsy ;{7(). Mieroseopic examination of sections from 
the absc<»sses wliieh liav(» b(»en described, demonstrated the 
pres<'nee of (i ram-staining cocci in characteristic staphylo- 
coccus like chnnps within the exudate of the abscesses; scat- 
tereil chains of streptococci wore not found. In those in- 
stance's (Autopsi(»s 280 and SSfi) in which cultures failed to 
demonstrate staphylococci, microscopic examination dem- 
onstrated staphylococcus-like clumps of bacteria Anthin the 
abscess cavil v. Cultun's wen* usually made from the con- 
solidate<l Uwyj; near tin* absc(»ss where the pleural surface 
could Im' seared, rath<M- than from the pus, so that in some 
instances the microorganism has doubtless escaped detec- 
tion althougli pi'esiMit. 

In association with the imdtiplc abscesses which have 
heen described, injury to the bronchi and bronchopneu- 
monia have been invariably ])n»sent. Purulent bronchitis 
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has been present in all instances of this lesion; in 2 in- 
stances there has been dilatation of the bronchi, and in 1 
instance in which the onset of influenza was twentv-nine 
days before death, there has l)een advanced bronchiectasis. 
Microscopic examination shows that tlie epithelium of the 
bronchi is partially or completely destroyed and that de- 
struction of the underlyinj^ tissue, with acute suppurative 
inflammation, penetrates to a greater or less deptli into the 
wall. AMien the epithelium of the l)roiichus is wholly 
destroyed and the lumen is filled and distended with poly- 
nuclear leucocytes, a cross section of the tube has the ap- 
pearance of a small al)scess ; but more careful examination 
often shows that the engorged mucosa is still intact. 
Occasionally, a network of fibrin forms a layer covering the 
denuded mucosa. Disintegration of the superficial tissue 
may extend to the muscularis or through it, and may pene- 
trate the wall of the bronchus. The tissue in contact with 
the exposed surface contains many polynuclear leucocytes 
and blood vessels plugged with fibrinous thrombi, but 
deeper in the tissue lynii)lioid and plasma cells are more 
numerous. In 2 instances (Autopsies 286 and 425) favor- 
able sections have demonstrated that the wall of an abscess 
on one side consists of the remains of a bronchus, covered 
by epithelium composed of squamous cells, whereas the 
remainder of the wall, here very irregular, is formed by 
partially destroyed alveoli plugged with fibrin. The sup- 
purative process has penetrated the wall of the bronchus 
on one side and extended into the surrounding alveolar 
tissue. In other instances, abscess cavities occur within 
the alveolar tissue of the lung and their relationship to 
bronchi is not evident. In the mass of polynuclear leuco- 
cytes w^hich fill the abscess cavity, are clumps of staphy- 
lococci in great abundance, usually forming characteristic 
colonies which are conspicuous witli the low power of the 
microscope. 
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Empyema, Pericarditis and Peritonitis 

No sharp line can be drawn between nonpurulent and 
purulent pleurisy. A diagnosis of empyema has been 
made when the fluid in the chest has become opaque and 
fibrin has undergone softening or solution. The lesion 
has been designated seropurulent w^hen there has been 
abundant thin, opaque, gray fluid. Pleurisy has been 
designated fibrinopurulent when the cavity has contained 
opaque fluid and ragged soft wliite or yellowish fibrin ad- 
herent to the chest wall ; this fibrin is evidently in process 
of disintegration and there may be numerous shreds and 
flakes of fibrin which subside to the bottom of the fluid. 
The amount of fluid in the cavity may occasionally exceed 
1,700 c.c. ; that in both pleural cavities may exceed 2,500 c.c. 
The lesion has been designated purulent when fibrin has 
almost Avholly disappeared and the cavity contains thick 
yellowish white fluid. In 4 of 5 instances in which tho- 
racotomy had been performed, empyema has assumed this 
otherwise uncommon type. 

Some inflammation of the pleura is almost constantly 
found in association with all forms of pneumonia, but in 
many instances is so sliglit that it has no noteworthy sig- 
nificance. Table L shows the incidence of various types of 
pleurisy. 

Table L 





LOBAR 
PNEUMONIA 


BRONCHO- 
PNEUMONIA 


S1TPPURA- 
TIVE PNEU- 
MONIA WITH 
ABSCESS 


INTERSTI- 
TIAL SUPPU- 
RATIVE 
PNEUMONIA 




No. ! % 


No. 


% 


No. 


% 


No. % 


No pleurisy noted 
Serous pleurisy 
Fibrinous pleurisy 
Serofibrinous pleurisy 
Seropurulent pleurisy 
Fibrinopurulent pleurisy 
Purulent pleurisy 


30 

5 

10 

12 

7 


46.9 

7.8 

15.6 

18.2 

10.9 


44 
9 
5 

14 

5 
3 


55 
11.2 
6.2 
17.5 

6.2 
3.7 


1 

1 

3 

9 

17 

8 


2.6 

2.6 

7.7 

23.1 

43.6 

20.5 


1 

1 

12 
3 


5.9 

5.9 
70.6 
17.6 


Total 


64 




80 


39 




17 
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Empyema has occurred, on the one hand, in 12.4 per cent 
of instances of lobar pneumonia and in 9.9 per cent of in- 
stances of bronchopneumonia alone. It has occurred, on 
the other hand, in 87.2 per cent of instances of suppura- 
tive pneumonia with abscess formation and in 94.1 per cent 
instances of interstitial suppurative pneumonia. These 
suppurative lesions are caused by hemolytic streptococci, 
and when cultures are made from the pleural exudate this 
microorganism is isolated. 

Of 16 instances in which empyema has occurred in asso- 
ciation wuth lobar pneumonia or bronchopneumonia unac- 
companied by suppuration in 6 tliere has been infection 
with hemolytic streptococci. Empyema has occurred in 
the absence of hemolytic streptococci only 10 times. 

Empyema Caused by Hemolytic Streptococci. — ^When 
necrosis preceding abscess formation has occurred in the 
lung, streptococci are found in immense numbers in the 
dead tissue. The pleura overlying the abscess undergoes 
necrosis and occasionally streptococci are particularly nu- 
merous upon the pleural surface of the necrotic tissue. In 
Autopsy 376 a membrane thin as tissue paper, representing 
the pleura, separated an abscess containing thick pus from 
the pleural cavity which Avas the site of empyema. The 
abscess may rupture into the pleural cavity and at the same 
time may be in free connnunication with a bronchus (Au- 
topsy 480). In one (Autopsy 467) instance an abscess 
which had ruptured into the pleural cavity had completely 
discharged its contents and was in process of healing, 
newly formed fibrous tissue being almndant in its wall. 

With few exceptions empyema has accompanied sub- 
pleural abscess caused by hemolytic streptococci, being 
found on the side corresponding to the abscess. Among 
39 instances of pulmonary abscess, empyema has been 
limited to the side of the al)scess in 23 ; it has been present 
on the opposite side as Avell in 10 instances. In 2 instances 
there have been abscesses in both lungs ; in one (Autopsy 
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385 A) tlioro lias bo(»n double oinpycMiia, and in the other 
(Autopsy 487) oinpyonia only on the left side. In one in- 
stance abscess has been recognized by microscopic exami- 
nation an<l its location is not recorded. In 5 instances of 
absc(»ss formation there has l)een no empyema. In Autopsy 
383 tlH»re has l)een no pleurisy noted; in Autopsy 416 there 
has l)cen fil)rin()us pleurisy and in Autopsies 277, 290 and 
380, s(Tofil)rinous pleurisy. 

Empyema has 1)(k»ii ahnost invariably found in associa- 
tion with interstitial suppurative pneumonia. Tliis lesion 
extends l)y way of the lymi)hatics up to the pleural surface 
and is often more conspicuous just below the pleura than 
elsewhere. Empyema has l)een absent in only 3 of 21 ex- 
amples of the l(»sion and in one of these there has been 
serous efTusion. In 12 instances interstitial suppuration 
has occurred only on one side and empyema has been lim- 
ited to this side: in 5 instanc(»s with interstitial suppura- 
tion on one side there has been empyema on both sides; 
in 2 instancies with interstitial suppuration in both lungs 
then* has bei^n <louble empyema. 

The amount of fluid in the pleural cavity has varied from 
less than KH) to l.r)(H) (».c. The fluid has occasionally been 
sen>i>urulent or yt»llow, thick and purulent, but in most 
inslanct^s \\\o exudate is Ix^st described as fibrinopurulent. 
There is yellow or yellmvish jrray purulent fluid eontain- 
inir llakt^s of soft rairired librin. 

The t'tMH^iroinir studv lias shmvn, on the one hand, that 
etnp\ema is a frtH|UtMit eom]>lit-ation of streptococcus pneu- 
monia and, on \ho oihov hand, that empyema following in- 
flnt n.a will) vr-aiivrlx I'ew rxreptions is caused by henio- 
htio slieptorotri. Kmpyr^.i-a onustHl by this microorgan- 
ron »^\]r.]^i;> iv. >o:r.i* i:.>1;;v;irs rliaracters not seen with 
oiImm \;niiii«> <^( 'ph-nral iv,:^n':nmnnon. The tissue be- 
i\x, t u v^^-^v.^r.v. .'^v.*? pri ".i riViViur.": is oi\vi\ tnlematous and the 
.■^i ■:», . vil \:\\ l.r.s :i "nv.". bvr.wA i-orjsistonce. In some in- 
■•.;u.. rv ili,^ e\-,;*^.r.t«'' oi-v.lr/:v.> Wood, and hemolysis has oc- 
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curred so that the fluid has a diffuse red color. The occur- 
rence of multiple pocketed collections of purulent fluid 
within the pleural cavity is peculiar to streptococcus empy- 
ema. These pockets have heen found 6 times in association 
with abscess and 5 times with interstitial suppurative pneu- 
monia. In the presence of an exudate within the pleural 
cavity, some part of the lung, usually the anterior surface 
behind the sternum and costal cartilages, is glued by fibrin- 
ous adhesions to the parietal pleura. Here occur pockets 
containing thin purulent fluid and softened fil)rin or thicker 
creamy pus walled off by fibrin about the edges of the 
pocket. At the site of the lesion the lung, after it is sepa- 
rated from the chest wall, is marked by a shallow depres- 
sion surrounded bv the fibrin which has walled in the 
pocket. The little cavity thus formed, varying much in 
size, is usually oval, the long diameter bcung from 1 to 3 cm. 
These pleural pockets may occur over the ext(M'nal sur- 
face of the lung (Autopsies 452, 455, and 472) or between 
the internal surface and pericardium (Autopsy 452). Oc- 
casionally with partial fibrinous adhesion between the pleu- 
ral surfaces there are both scattered pockets containing 
purulent fluid and a larger encapsulated collection of fluid; 
in Autopsy 455 the pleural surfaces were adherent and 
there was 100 c.c. of purulent fluid encapsulated in a space 
over the external surface of the lung, 12x8 cm. In Autopsy 
452 the lower part of the pleural cavity was encapsulated 
and contained 650 c.c. of fluid. This tendency of empyema 
caused by S. hemolyticus to form encapsulated pockets is 
doubtless of considerable importance in the treatment of 
the condition. 

Stone, Bliss and Phillips^ have described these encap- 
sulated pockets as ^'subcostosternal pus pockets" and have 
maintained that thev are formed about the sternal Ivm- 
phatic" nodes. AVe have found them so widely scattered 
that this relation seems improbable. 

•Stone, W. T., Phillips. B. G., and Bliss. W. P.: A Clinical Study of Pneumonia Based 
on 871 Cases. Arch. Int. Med., 1918, xxii, 409. 
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The foregoing case is particularly noteworthy because 
aspiration failed repeatedly to yield more than a few cubic 
centimeters of fluid, doubtless because the voluminous 
masses of fibrin present in the cavity prevented escape of 
fluid. Aspiration was attempted shortly before death, but 
only 4 c. c. of fluid were obtained ; nevertheless, at autopsy 
the right pleural cavity contained 2,350 c.c. of exudate. An- 
other factor of much importance in relation to treatment 
is the encapsulation of 450 c.c. of purulent fluid between the 
inner surface of the right lung and the pericardium. It is 
possible that free drainage might have emptied the main 
cavity and perhaps even freed the encapsulated fluid. 

Pericarditis. — Among 241. autopsies on individuals with 
pneumonia following influenza, pericarditis occurred 23 
times ; these lesions were classified as follows : Serous peri- 
carditis, 1 ; serofibrinous pericarditis, 9 ; seropurulent peri- 
carditis, 1; fibrinopurulent pericarditis, 10; purulent peri- 
carditis, 2. 

It is noteworthy that in 12 of 23 instances of pericarditis 
the lesion was associated with S. hemolvticus infection of 
the lung and whenever in these instances cultures were 
made (Autopsies 434, 485, 499 and 504) hemolytic strepto- 
cocci were obtained from the i)ericardial exudate in pure 
culture. 

The tendency of interstitial suppurative pneumonia to 
produce pericarditis is especially evident. Among 21 in- 
stances of interstitial suppurative pneumonia pericarditis 
occurred 6 times (28.6 per cent) ; among 39 instances of sup- 
purative pneumonia with abscess formation, pericarditis 
occurred twice (5.1 per cent) ; whereas among all other 
autopsies, namely, 181, the lesion occurred 15 times (8.3 per 
cent). 

Pericarditis occurred in association with pneumonia re- 
ferable to Pneumococcus I, once, (Pneumococcus I isolated 
from the pericardium) ; to Pneumococcus II, once; to atypi- 
cal Pneumococcus II, 5 times (twice isolated from the peri- 
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i-^c-'i-jj^.' s^TrT'.iiMiif'f'l^ ?^^r^-r!i: j»fr:t«-:-ELitts was part of 
1. Zrzjrril ■r^r.rfi.-^r '_z.T- : .jTizj: t-ii-vi fit^-iraJ cavities, peri- 
t'JLyLzzL. izjI THrL^.:iiT-i=:i in i :i->:r^~«rH>rtiLy instances: 

AJUi^py -iftS. — ■." Z.. Ti.-*. i.x"»L ~'v*!L":7 "nr:^ fir^Brfr fri>m Oklahoma, 

.1:1 L :«i»^a zi .ii.l:'U-"^ i^r—r- ia»* mta""!. H-* "rx* A-LaLiute-i to the hospital 
'V-i _i:f*ufji:si. ^*ii*i ~:i.""im M»t :rtiu:iLr;tt rv-^nTv-fjur "lajs before his 
iK:!";!. Si^rii* ic Tni'.'imiMi.y, -Vir-* -r^r-ticLi^^^'i T.iir'riwn. iSaj^ later and at the 
■sjaiiT -r.:n*i '..I'-r** T•|^^ »r ~if- in-.'-a. -a "J'f r^r'i" +i»i'*- EaLpvema and peri- 
r:j?-i:.T^ -viri iiii_iiL "ii.'^**! iu-jt "^dic* iiiaTi jjuL rwij liajs Eater liNW r.^- 

Aaasomac Ik34acs& — ^^<t"clLn". -' ^a-^'tiL'-a.^ «i;b. cousolitlation and 

.x/.t**'*^"*!* _i r-X'i" "ovf^ 'j.:*^ '.> •; V 3,uf'iz*i: ''Ln!»*a* pl^urisj on right, sero- 
^tLTL-'ii': "fMjr:?-^ :a ".Hr" -k*:'^: ':•*•::' ^jlli^ **r;li:'rt3L«:-^3 pericarditis; fibrino- 

•:"ii.:i. ::^:i.z:-^ Y-t.'.*rv r.iiis- jl ■wa.'-:!! 3.r« ■Li-t-f* .jif Sb-ria: the right lun^ 
•-■* r."ar.?*^'i in I li'^'* jt Tii-.' -ra^r't xa i La.aL-»c *i'ii* of i:!Le eavitv. The left 

:.l-;':.-il ■"j.'i'rj rvnTa-La* ~« « :..^ ■•- :n]j:'L»L 5-^lI«>w, atf.^paraleat fluid in which 
:< **.:'- 1":t-t. T:-* ■•■■*.■? ■.•>oe ;- "Ii-f rizfn l';a.i t* tji>rL*i>IMate»i thronghoat, 
rfj'.r.y.-, ^-J7 r'^L ij.'. iJi'^.y £"ri2;i"ar -.a -f^'r*".-.*!!. B**!ow the pleura of the 
[.•■s:-:?;-. r ':•:":- r Ls i '*'— i^*^-*hj,r«f'L 'tavi-j wi?;h. It* ba;$e 1-5 cm. across, in 
■r-.:**;j..:" 7i:":!i *::;•:? r.i.'-'r'! ^.r::-«. m^. Abi?:i* til'.* i.'avLtv cou-^jlMated tissue has 
:jlz. '.■[ a.ji-:'. ;•-■:'!■■•■/-• -^ '..r. Fr'-3.-fii'L in. b»:"ii -"la.:^ itoatii'ii macopurulent fluid. 
Tl: '.terl-rar'iuil -'jivitv ■•« .j^ai-j* iv- "..':. ..f t:i^^■i■i tiu.M: the left auricular 
a: ^t-•r:•!..i^•f •* :.o-..rii b" jl •"iia "jy.'r '}i tibriji to :h.i? parietal pericardium. 
Tl-: f nriti-C'v-j.! -ra-'i'v M.n'ja.ciji 1 •■ .;.,;. ,yi tlii.fk, cneaciT. jellow, purulent 
tl'iL L P»r*'Air':n. rhn' -ib.^hrj.^T:;. jLTi.i livvfr i* a b-jer of tttirin, in places 1.5 
•rrn. ::: tlii-'iLrTSs: nl-ria :> |.'rvr<»:?r:r: ■^r-t.^n. th»e j,'irritoQ«eur.i overUlng the kidnejs 

tki«rrr ri ■!■ .;i'r ►>\aL'i;i:.j.':Loa. >Tv -vsi :h-; pr»?*»^ni.'e of hemolytic streptococci, 
..•>tu:!>..l ill r :ir. .-litv.ro fr-rr tfcf Mi.-.l oif tbn? h»-art, rijiht pleural cavitr 
I'V \ r -r::..- :•.>.■.: -Jl. Kr' rri :!■. e ri^i't l-ronrhu-? are i:r»>wii S. hemolvticns, B. 
ii.r'.L'. [i/^i :«rLl :i :'••■•- •.■! .'li. •< .:' S. viri-hiiis antl staf-hylococous. 

Autopsy 504. — <t. K. •'.. Al.tr-. o.:^...! turnty-eight, farmer from Alabama, 
\:x-i ^'-.t.ti if, rui'.i'ury ^-rvL-.-t- rhrvt-;- tU'-nths. Onset of illness occurred six 
• !;iyN K» t'.-rt- .l.-a"!:., aiil twn .Uiy> Iiir-.r lie entered the hospital with fever 
1".'.4 F. . {■uiii'j in thv a!»'l«>ni- !i an«l vouiitiu::. Consolidation at the bases 
i'i th»' 1'.:k^ ua-i rnr«)-^i;i/^-l < ti tiiv «lay f«v*n.>^\intj a^lmission and on the day 
Ut't-rv -li-atli V'"" •'.«•. «>t '^-'.'ti-ish br'.'wn rlui«.l wvre aspirat'.Hi from the left 
|»U-uraI cavity. 
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Apatomic Diagnosis. — Interstitial suppurative pneumonia with consoli- 
dation in left lower lobe; purulent pleurisy on both sides; purulent peri- 
carditis; purulent peritonitis; parenchymatous degeneration of kidneys; 
acute splenic tumor. 

The body is that of a large well-nourished man. The left pleural cavity 
contains 975 c.c. of creamy, yellow fluid; right pleural cavity contains 425 
c.c. of purulent fluid thinner than that on the left side. The left lung 
is collapsed; the posterior and lower half of the lower lobe is consolidated, 
flabby, deep red and fleshy in appearance. The interstitial septa are yel- 
low, thickened with bead-like enlargements and contains creamy purulent 
fluid which flows away and leaves small cavities. This interstitial sup- 
puration is more advanced below the outer surface of the lobe than else- 
where. 

The pericardial cavity contains 25 c.c. of creamy, yellow, purulent, 
fluid; the epicardium is dull, covered in a few places by a small amount 
of fibrin and below it are ecchymoses. 

The peritoneal cavity contains 100 c.c. of thick, yellow pus; the peri- 
toneal surfaces are injected and between the liver and diaphragm is 
fibrin. 

Bacteriologic examination shows the presence of S. hemolyticus in pure 
culture from the blood of the heart, the lower lobe of the left lung, peri- 
cardium and peritoneum. The right main bronchus contains the same 
microorganism, B. influenzae and a few staphylococci. 

General serositis has been eansed by hemolytic strep- 
tococci which in one instance have entered the pleura from 
a subpleural abscess, and in the other from the suppurating 
interstitial tissue of the lung. In one of these cases the 
patient entered the hospital with symptoms suggestive of 
acute peritonitis. 

Bronchiectasis 

Acute dilatation of the bronchi is a common result of 
the bronchitis of influenza, and its frequent occurrence is 
an index of the severity of the clianges in the bronchial 
wall. In some instances the smaller bronchi in well-local- 
ized areas are uniformly dilated; in other instances, large 
cavities, several centimeters in diameter, are formed and 
all transitions between the two extremes occur. 

The occurrence of bronchiectasis foUoAving influenza is 
mentioned by Leichtenstern®. He states that evidence of 

•Loc. cit.p p. 110. 
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bronchiectasis can persist for weeks or months and never- 
theless end with complete restitution of the lungs to normal. 
Lord^ has described instances of bronchiectasis occurring 
in association A\4tli infection by B. influenzae and Boggs* 
has recorded similar observations. 

We have had abundant opportunity to observe early 
stages in the production of bronchiectasis and to study the 
much discussed pathogenesis of the condition. 

The following figures show the predilection of bronchiec- 
tasis for the left lung and for the lower lobes : Bronchiec- 
tasis occurred 30 times in the left lung alone, 9 times in 
the right lung alone and 13 times in both lungs, the total 
))eing 52. Among 30 instances in which the lesion occurred 
only in the left lung, in 24 it was limited to the lower lobe, 
and in 15 of these 24 instances to the base of the lower lobe. 
Among 9 instances in which dilatation of bronchi occurred 
only in the right lung, it was limited to the lower lobe in 
4 instances and to the base of the lower lobe in 2 of these 
4 instances. 

When the lesion is limited to the base of the lower lobes 
small bronchi with no recognizable cartilage in their wall 
are dilated to a diameter of from 3 to 6 cm. and are dis- 
tended with thick mucopurulent fluid. The tenacious char- 
acter of the bronchial contents and the action of gravity 
doubtless have a part in the production of the dilatation. 
In several instances dilatation of the bronchi was limited 
to the basal parts of both upper and lower lobes. 

When bronchiectasis occurs throughout a whole lung, 
usually the left, or in both lungs, the lesion is more ad- 
vanced and conspicuous (Fig. 26). There is diffuse dila- 
tation of small and medium-sized bronchi. Dilated bronchi 
with deeply injected mucosa and filled with yellow muco- 
purulent fluid, are seen throughout the sectioned lung. A 
bronchus cut longitudinally may have a nearly uniform 

'Lord, F. T.: Infections of the Respiratory Tract with Influenza Bacilli, Boston Med. 

and Surg. Jour.. 1905. clii. 537. 574. 
^Hoggs, T. R. : Influenza Bacillus in Bronchiectasis, Am. Jour. Med. Sc, 1905, cxxx, 902. 
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diameter of from 5 to 9 mm. for a distance of 5 or 6 cm., 
maintaining this diameter to within 1 cm. of the pleural 
surface, where normally onlv small bronchi occur. 

More advanced bronchiectasis is represented by the oc- 
currence of spherical bronchiectatic cavities, having a 
diameter from 1 to 2.5 cm. In some instances there have 
been two or three of these cavities but occasionally there 
may be many. Cylindrical dilatation of the bronchi usu- 
ally occurs wideh^ distributed in the lungs. In Autopsy 
440 a small bronchus, cut longitudinally, was dilated to a 
diameter of 5 mm. for a distance of 5 cm. and terminated 
in a spherical cavity 2 cm. in diameter ; there Avas another 
smaller spherical cavity nearby and dilated bronchi oc- 
curred elsewhere. In Autopsy 467, in the upper part of 
the lower lobe, two spherical cavities 1 and 1.5 cm. in diame- 
ter communicated with a bronchus of medium size. 

Autopsies with bronchiectasis are listed in the order of 
the duration of illness to show the parallel increase in the 
severity of the lesion (Table LI). In 2 instances (Autopsies 
244 and 314) bronchiectatic cavities surrounded by firm 
fibrous tissue liave evidently existed l)efore the onset of the 
fatal illness, which has lasted in one instance approxinuitely 
four and in the other six days; these autopsies have been 
omitted from the table. 

The table shows that bronchiectasis observed within 
twelve days after onset of illness with symptoms of influ- 
enza is moderately advanced and almost invariably limited 
to the left lower lobe and usually to the base of the lobe. 
Advanced dilatation, indicated by the formation of spheri- 
cal or cylindrical cavities, occurs Avith increasing frequency 
as the duration of the respiratory disease increases. 

Bronchiectasis has been almost invariably associated 
with purulent bronchitis. The dilated bronchi contain mu- 
copurulent material and throughout the lungs the same con- 
dition is usually widespread. Among 137 instances of pur- 
ulent bronchitis bronchiectasis consequent upon influenza 
has been present in 50. 
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Table LI — Cont'd 
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Tli«* liiU'ti'iinlo'^y of autopsies with broiirliifN:-tji2ii> i; 
-»lio\vM ill Table Llf. 
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(*oinparisnn of tlie |M»rcenla*r<* inciilence of the orgraiiisms 
which have t«» he foiiihl assoeiated with lu'onehieetasis aiul 
with puruh'ut hroiu'liitis iiiuieeoiapaiiied hy l>ronehi<H"tasis 
shows that there is no noteworthy dilTereneo in the occur- 
ri'iiee of pneuinnetjeei, lieiiiolytie streptocccci or B. influ- 
enza* within the hronehi. When aHowanee is made for the 
diffieulty of <h»nionslratinii: l>. influenzii^ in the presence of 
a hirsro nunil)er of other niieroor^anisnis, it is not iniprol)- 
ahl(» that this oriianisni has been <*onstantly present in the 
puruh'nt etnilents of the Itronelii with imrulent bronchitis, 
with and without l)r(»neliieetasis. Pn(»unioeocci, strepto- 
eoeei and stajihyhxMM'ei art* each present in the bronchi in 
about nne-half of tlie instances of broneliieetasis and mixed 
infiM-tions are very <'oinnion, S. viridans, B. coli and M. 
eatarrhaHs Ijeinir oceasionallv found in the bronclii. The 
tabh* shows tliat puiunnoeorei, streptococci and stapliyl- 
(MM)e<*i show no u:reatt»r temh^ney to tenter the hniirs and 
|jh)od when briMiehieetasis and puruh»nt bronchitis coexist 
tlian with imruh'ut bronchitis ahnie. 

Mo«h*rate dihilation of the small bronchi at tlie base of 
lh«' left lunir was founti in several instances eijrht days 
after onset of symptoms ref«'ra))le to the respirattny pas.<- 
aires. Advanced, ditTuse dilatation of the bronchi was 
>eldnm st'en before tlie hii)se of two weeks, and bronclu^H^- 
tasis with t'ormation of spherical or cylindrical cavities 
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was found with few exceptions three weeks after onset of 
the fatal ilhiess. Long continued, purulent bronchitis does 
not necessarih' produce dilatation of the bronchi. It is 
noteworthy that the average duration of the fatal illness 
in 137 instances of pneumonia and purulent bronchitis with 
no bronchiectasis was 12.5 days, whereas the average dura- 
tion of 49 instances of pneumonia with purulent bronchitis 
and bronchiectasis Avas only 16.5 davs. 

Bronchiectasis is almost invariably associated with pur- 
ulent bronchitis in which tenacious mucopurulent fluid ac- 
cumulates in the bronchi. It begins at the bases of the 
lower lobes and is usually more advanced here than else- 
where. Mechanical distention of the small bronchi by 
viscid fluid, expeHed with difficulty, brings about their dila- 
tation and gravity appears to have a part in accentuat- 
ing the process. Histologic examination of the chang(*s 
accompanying bronchitis show that lesions which penetrate 
into the muscular layer and presumably weaken the bron- 
chial wall are not uncommon and partial or complete de- 
struction of tlie wall mav result. To what extent infiltra- 
tion of the muscular Avail by polynuclear leucocytes or ))y 
lymphoid and plasma cells is accompanied by changes Avhich 
weaken the wall may be questioned. When the epithelial 
lining of the bronchus is destroyed coagulative necrosis of 
the underlying tissue occurs and may extend a variable 
distance into the bronchial wall, not infrequently pene- 
trating into or entirc^ly through the muscular layer. These 
changes furnish an explanation of the occurrence of bron- 
chiectasis following influenza. 

Acute bronchiectasis may be found following influenza 
after the illness has lasted eight or ten days. There is no 
increase of fibrous tissue. Small bronchi with no cartilage, 
which in normal lungs have a diamc^ter approximating 1 
mm., are dilated to 3 mm. or more. The surface epithelium 
is wholly or partially lost. Necrosis occurs in places and 
extends deep into the tissue, destroying muscle and often 
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|K'iii'tr;itiii.i: till' I'litirc tliii-kiioss of the wall wliirh in th^se 
Mimll l>roi»*lii fuiisi-its in larjii' part of fil)rous ti«-sue i?on- 
tiiiiiiiiir i^ri-atly ciiirorfrcii l)lt«Hl vi'>!.«c]s. In this n'^-.Tntic 
material iiiu-li'i an- ahsoiit nml tlio tissuo containing fihrin 
stains il(H'|ily with i-ositi. In it occur tii^sures or tear* whieh 
I'Xtciiil rroiii the luinoii a variablo distance, very freqn^nllv 
|n'ii*'tratia,u; llie ciitir*' thirknoss of tlif wall ami entering 
ailjaceiit alvi'oli (Fijrs. 17 ami 19). Alveoli thn* esixiseil 
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jiliiinst invarialily coiilaia plupis of donso fibrin. Where 
llic^e rents have (KTurretl, adjacent edffi's of the bronchial 
\\\\\\. lield toKethci- hy niideriyiiis; hui'T tissue, liavo sopa- 
niled t'rnni one another, so Oinf tlie eircnniference of the 
l.ronehnK has been increased (Kij,'. IS). These breaks in 
llie (^oiilinuity of the wall may occur in several places. ?o 
Dial a foiirtii or a third of the circumference may he forinod 
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by exposed alveolar tissue which lias become the site of 
fibrinons pneumonia (Fig, 20). During life, though the in- 
flamed bronchus is filled by mucopurulent exudate, disten- 
tion of loose alveolar tit^sue, uniting the interrnptwl ln'on- 
ehial wall, is doulitless greater than it appears in the lung 
fixed by hardening fluids 

Eecentl d lat I ) ro 1 I t I 
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through the bronchial wall (Fig. 26). Longitudinal fissures 
mark the lining of these dilated bronchial tubes. 

"When the fatal illness has lasted more than two weeks, 
abundant new fonnation of fibrous ti.=sue oecurs in a zone 
surrounding the dilated bronchus. Adjacent alveolar walls 
are thickened hy young fibrous tissue. Alveoli, much di- 
minished in size, are filled by hyaline fibrin into which fibre- 
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bluets and iii'wly foniied blood vessels liave peiietrateil. 
Those cbnnjrcs arc liiiiilotl to a wide zone in immediate con- 
tact witli till' di!a1t'<l broiK'liiis, whereas at a greater dis- 
taiwe alveolar walls have uiidorjioiie no thickening and 
nlvooli cuiitain no fibrin. 
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This stage is well reprpsented by Autopsy 421 after an 
illness of nineteen days. Bronchieetatic cavities, from 3 
to 6 mm. in diameter, are numerous in sections of the lung; 
their lumiua are irregular in outline and often irregularly 
stellate. Micropoopic examination shows the presence of 
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clefts which interrupt the bronchial wall at intervals 
throughout its entire circunifi^rinice. The original wall is 
well indicated bv the verv richlv vascularized connective 
tissue containing scattered muscle bundles and is infil- 
trated with lymphoid and plasma cells in great number. 
AVh(»re fissures have occurred the adjacent edges of the in- 
terrupti^d wall have separated from one another, leaving 
a wide interval where underlying alveolar tissue is exposed. 
Two changes tend eventually to render the fissures incon- 
spicuous, namely, reg(aieration of epithelimn and new for- 
mation of fibrous tissue. Exposed alveoli filled with fibrin 
are in process of organization and epithelium which has as- 
sumed a squamous tyjx^ has grown down over the exposed 
surfaces of the interrupted l)ronchial wall. It has begun to 
cover or in some instances has completely covered the sur- 
face of rents entering alveoli plugged with fibrin (Pig. 21). 
In the periphery of the bronchus alveolar walls are thick- 
ened and infiltrated with lymphoid and plasma cells. The 
same cluuiges affect bronchi containing cartilage which is 
undergoing atrophy. 

The reinforceuKMit of the fissured bronchial wall bv new 
formation of fibrous tissue, by thickening of the interalve- 
olar walls and by organization of fibrin within the alveoli is 
well shown after four weeks (Autopsy 425; Fig. 28). 
There are spherical bronchiectatic cavities more than a cen- 
timeter in diameter surrounded by a dense fibrous wall in 
which are atrophied alveoli lined by epithelium of cubical 
form. Occasionally, the fibrous wall is interrupted and al- 
veoli, plugged Avith organizing fibrin, are in immediate con- 
tact with the lumen. AVhen these i)lugs of fibrin which are 
slowly absorbe<l disa])pear, evidence of preexisting rents in 
the bronchial wall are lost, and there are in this lung bron- 
chic^ctatic cavities of Avhich the wall is a continuous circle 
of dense fibrous tissue. 

Epithelium lining the dilated bronchi is at times com- 
pletely destroyed (Fig. 28), but more frequently it persists 
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in part. That which remains Jias almost constantly the 
character of squamous epithelium (Figs. 22 and 23). Tlie 
lowei'iiiost cells are ciibical; those above tlieni are poly- 
gonal, tending to become flatter as the surface is ap- 
proached; upon the surface are cells often much flattened 
and occasionally they have lost their nuclei and stain deeply 




lii'l PSEl'MOXIAS AXD IXFECTIOXS OF RESPIRATORY TRACT 

■with eosiii as the result of superficial necrosis. The change 
should not he regarded as metaplasia, for the epitheUum 
assumes this squamous type when the superficial columnar 
cells have heen lost. Actual necrosis of superficial ciliated 
columnar cells is occasionally seen (Autopsy 352) ; injured 
colls have separated from one another and desquamated 
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into the limien of the bronclius. The epithelium wJiieh re- 
mains after the superficial cells are lost consists of cells 
which become flatter from base to surface, but the intercel- 
lular bridges characteristic of the epithelium of the skin 
are not found. When epithelium is in process of regenera- 
tion, a layer gradually diniinisjhiiiir in tliickness extends 
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the ri){ht lower lobo was mndc tea days oftpr onaet anil PneuinocoecuB IV, 
B. inftuEDzo! aiid S. hemo!,vtieus were found in tho Bputnm. At autojisy 
there WHa broiii.-1io pneumonia with red and gray lobular nnd confiucnt 
lobular patches of consolidation and right and Ipft Borofibrinous pk^urisj; 
there was purulent broni^hitis: no ahsci'saoH were Bceu. Small broni^hi 
throughout both lungs were dilated and often surrounded by a zone of hem- 
orrhage. 

Hemolytic Btreptoeorci were found in the heart 's blood, in the pleural 
exudate, eODsolidated lung and bronchus; B. influenziE wua found in the 
liiii;! aijil ill a .imall bronchos, and staphylococci in the contents of a small 
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Fig;. 34.— Acm« bronchiectaiii ' 
1 ni»rl«d by gre»l ingorgement o 

uiTOundcil b; fihrinous ixirumunia 






Bronchi which are the site of acute inflammation have lost their epi- 
thelium wholly or in part, and deep fissures penetrate the entire thickness 
of the bronchial wall, extending into the surrounding lung tissue which is 
the site of Rbrinous pneumonia. In some instances plugs of librin within 
the alveoli arc bisected by these tears. There is sumo supcrtii:ial necrosis 
along the edge of each fissiire, in several places extending out^iard from 
defects in the walls of smalt bronchi (lilnted to approximately l.ii mm. 
There arc wide patches of necrosis affecting both alveolar walls and con- 
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tents of alveoli and extending 2 mm. into the lung tissue. When a fissure 
has penetrated from the lumen of the bronchus into necrotic tissue 
(Fig. 21), polynuclear leucocytes have accumulated within the necrotic 
tissue, disintegration of tissue occurs, and a small cavity commnnicating 
with the bronchus is formed. 

Autopsy 423. — C. H., white, aged twenty-five, resident of Oklahoma, 
had been in military service one month. Death occurred sixteen days after 
onset of influenza. 

Anatomical Diagnosis. — Chronic bronchopneumonia with peribronchiolar 
consolidation throughout right lung and in left lower loDe; right purulent 
pleurisy; purulent bronchitis; bronchiectasis at base of left lung. 

The right lung weighs 1,200 grams; in the upper lobe are yellowish 
gray nodules having the appearance of tubercles clustered about small 
bronchi; in places similar nodules occur upon a background of pinkish 
gray consolidation occupying the greater part of the lower lobe. Bron- 
chi contain purulent fluid. The left lung weighs 760 grams; it is edema- 
tous and small, yellowish gray nodules of consolidation in the lower lobe 
are clustered about terminal bronchi. Bronchi at the base of the lower 
lobe are dilated. 

Bacteriologic examination shows the presence of hemolytic streptococci 
in the blood of the heart ; hemolytic streptococci and B. influenza; in the 
lung. 

Mieroscoj)ic examination shows that the walls of the bronchi are in- 
filtrated with Iym])hoid an<l plasma cells; these cells are very numerous 
in peribronchiolar patches of consolidation. A small bronchus 1 mm. in 
diameter has sfjuanious epithelium along one si<le; on the opposite side, the 
wall is completely absent and there is superficial necrosis of exposed al- 
veoli tilled with fibrin. A deej) fissure passes from the bronchus into the 
consolidated tissue; its e<lges are necroti<* and it is filled with polynuclear 
leucocytes. A small cavity in c(»ntact with the bronchus has been formed. 
In another ])art of the lung a distended bronchus has lost its epithelium 
on one side, an<l Imtc alveoli filled with filjrin form the wall of the bronchus 
which is filled with leucocytes. Kxtending outward from the eroded wall 
is a focus of necrosis where both alvecdar walls and contained exudate 
have lost their nuclei. 

The iiocrosis wliicli has had its origin in the bronchi is 
soon rollowed by accunmbition of polynuclear leucocytes, 
soft(Miiii<:>: and disintegration of tissue. Discharge of the 
disintegrated tissue through the bronchi results in the for- 
mation of a small cavitv continuous with the bronchus. 
These changers are well illustrated by the bronchi ogenic 
ahsec^sses which have been described elsewhere (Autopsies 
37(3, p. 20(5, and 387, p. 20(5). AVhen disintegrated tissue 
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is discharged by way of the bronchi no accumulation of pus 
occurs, but cavities will be formed, in part by dilation of 
bronchi, in part by erosion of the adjacent lung tissue. His- 
tologic examination shows that these changes have pro- 
duced the advanced bronchiectasis found in Autopsy 445 
(Fig. 25). 

Autopsy 445. — Vi\ F., white, aged twenty-three, from Mississippi, had been 

in military service one month. His illness began September 22, twenty- 
seven days before death, with severe eoryza, weakness, nausea and vomit- 
ing; great pain in bones, cough and sore throat. He was admitted to the 
base hospital one week later with diagnosis of influenza and bronchitis. 
On October 3, sixteen days before death, signs of consolidation were found 
on the left side over the back and a diagnosis of lobar pneumonia was 
made. On October 18 there was severe headache, jmpils were dilated, and 
there was rigidity of neck; lumbar puncture was made and pneumococci 
were found in the fluid obtained. Death occurred on the following day. 

Anatomic Diagnosis. — Bronchiectasis with unresolved pneumonia limited 
to the left lower lobe; acute bronchopneumonia with peribronchiolar con- 
solidation in right lung; purulent bronchitis, peribronchial hemorrhage 
and organizing bronchiolitis in right lung; adherent pleura on left side; 
purulent meningitis. 

The left upper lobe is crepitant throughout. The outer and posterior 
two-thirds of the left lower lobe is riddled with cavities often rounded 
and %'arying in diameter from 0.5 to 3 cm. but not infrequently irregular 
in shape and in communication with adjacent cavities (Fig. 25). In places 
cavities pass in a tortuous course from pleura to the mid])art of lung. 
Tho lining of these cavities is usually smooth, but in places is covered 
by gray necrotic material. Communication between tho cavities and me- 
dium-sized bronchi is occasionally found. The lung tissue between the 
cavities is in part grayish red and consolidated, in part pink and air con- 
taining. The right lung is edematous throughout ; the bronchi in the lower 
part of the right lung contain purulent fluid and are in places surrounded 
by zones of hemorrhage. 

Tho spleen i^ very largp (14 x 11 x 5 cm.) and firm. 

The spinal flui<l is cloudy and blood vessels over the lumbar enlargement 
and lower tlioracic region are congested; in the upj)er thoracic region the 
cord is covered by purulent exudate. 

Bacteriologic examination demonstrates the presence of hemolytic strep- 
tococci in tho blood of the heart; plates from the left lung contain a few 
colonies of S. aureus and Pneumococcus IV; jjlates from the right main 
bronchus contain 8. aureus and a large bacillus which does not stain by 
Gram'|i method. Three idates from the spinal meninges contain Pneu- 
mococcus IV. 

Microscopic examination shows that the cavities which have been de- 
scribed are lined by very vascular connective tissue containing many cells; 
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there is no epithelial lining and the surface is in places covered by fibrin. 
On the surface polynuclear leucocytes are numerous, but immediately be- 
low, large mononuclear cells occur and frequently contain one or several 
ingested polynuclear leucocytes. None of the structures peculiar to the 
bronchi can' be identified in the wall of these cavities, and in many places 
it 18 evident that lung tissue has undergone destruction, for in places the 
lining of Taseular connective tissue is interrupted and an extension of the 
cavity penetrating into the lung substance is surrounded by alveoli filled \vitli 
fibrin; in contact with the cavity there is some necrosis. 

The cavities communicate with the broiiclii and are 
lined in part bv vascular connective tissue which mav in 
part represent preexisting bronchial walls, but no epithe- 
lium is present and the relation to the bronchi cannot be es- 
tablished with certainty. These cavities have extended by 
necrosis which has broken the vascular connective tissue of 
their wall and penetrated into adjacent lung tissue. Death 
has been the result of purulent meningitis caused by pneu- 
mococcus, and the histologic changes in the walls of the 
cavities suggest that the activity of the inflammatory reac- 
tion here is subsiding, for large mononuclear cells are nu- 
merous and are ingesting poljniuclear leucocytes. The 
changes described would, if continued, result in the forma- 
tion of cavities lined by fibrous tissue and resembling many 
of those formed as the result of dilatation of the bronchi. 

A study of the progress of the changes which result in 
the formation of bronchiectatic cavities has shown how the 
inflammatory irritant within the bronchus destroys the epi- 
thelium of the bronchus, penetrates into the deeper tissues 
and produces fissures which extend through the entire 
thickness of the bronchial wall at one or usually several 
places. These longitudinal fissures, w^hich at first often 
give a stellate outline in cross section to the cavity of the 
affected bronchus, permit the separation of the e<lges of the 
fissure, so that an increase in the circumference occurs. 
The base of the fissure is formed by surrounding alveolar 
tissue and its edges are the site of necrosis. Tears may 
extend into the surrounding alveolar tissue, thus permit- 
ting further stretching of the bronchial wall. The conse- 



cvi^Tir*^ of mptar*' of the .small bronehi into the adjacent 
alveoli are to •orn*' fr^xt^nt ovHrc«>me by the inflanuuatory 
reaction whir-h pluiri^ the ailjacent alve«>li with fibrin. 

Compr^-ssion oi th«- lans.s by fort:-e«i exfiiration, even 
though the trlottis were clo??eil a.s in coughing, irould not 
dilate the broiichi, because pre>sure outside and within the 
bronchi wouM Ije Kiually ♦^levateii (Thornton and Pratt*). 
Th^' pres>un,- within th^ bronchi doe> not differ greatly 
from atniORpli*-ric pressure, whereas the negative pressure 
within tlie pleural cavity niay var%- from approximately 
C mm. of merr-ury during quiet inspiration to 30 mm. with 
forced inspiration. Kxc^*s> of pressure upon the inner sur- 
I'a^'e of the bron^'hial walls will vary with coughing and 
other H'Spiratory efforts. betwe*-n these limits dei>ending 
ufion the r^'adiness with which prc^ssure is ec|ualized within 
and witlioiit tlie bronclii liy penetration of air into the alve- 
oli. The presfMjee tyf viscid nmcopundi'ut flui<l within bron- 
f'hiolcH will obstruct these tubules and retard the entranct- 
of nir into niveoli. 

\V<'nk<'ninK '»'* the bronchial wall by the changes which 
linvp Im'^'ii dpHrribcd will cause lasting dilatation of the 
broiiclii. \Vlmt<'V<»r inrreases pressure within the bronchi 
will liu'Vi'iiyt* tin* l<*iHl<»ncy to dilatation; the bronchi being 
filliMl with nniropurul<*nt exudate dilatation usually ap- 
pciiTH lifst nt the bns<»s of the lung, since gravity increases 
inlnihrniirhini pn*ssur<» hero. Xew formation of fibrous 
tissiir wilhin Ihf wail of th(» bnmchus, thickening of adja- 
cent nl\ fohir walls, nn<l organization of fibrin reinforce the 
wcjikciHMl hnmchial wall and limit the dilatation which fol- 
lows injury (o tin* wall. K(*g(Mioration of epithelium cov- 
(M'ing Ihf tlilnltMl (iilw* will further obscure the early 
changes whi<'h liav(» ina<l(* dilatation possible. The changes 
which wcalvtMi (he broui'hial wall permit dilatation at a 
time when Wwvo is no new formation of fibrous tissue. 
AVhcn the l)n)nchial lesion has persisted several weeks, 

•Thornton iuhI I'lalt: Hull. Johns lIoiikin«? ll(»sp.. 1908, xix, 230. 
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chronic pneumonia is associated with it. It has been sug- 
gested that the contraction of newly formed fibrous tissue 
within the substance of the lung might cause bronchi to be 
enlarged by traction upon their walls. Newly formed con- 
nective tissue is most abundant in the wall of the bronchi- 
ectatic cavity, and here contraction would tend to diminish 
the size of the cavity. 

Unresolved Bronchopneumonia 

Chronic bronchopneumonia is characterized by changes 
similar to those associated with chronic inflammation in 
other parts of the body, namely, by thickening of the inter- 
stitial tissue of the lung, by accumulation of mononuclear 
cells, by proliferation of fibrous tissue and by organization 
of exuded fibrin. In a few instances these changes have be- 
gun at the end of two weeks after onset of influenza, but 
thev have been little advanced until three weeks has 
elapsed ; advanced chronic inflammation has occurred after 
from four to eight weeks. Chronic inflammation primarily 
affects those structures which are most severely injured by 
the acute lesion and is most conspicuous in immediate prox- 
imity to the small bronchi and bronchioles; the perivascu- 
lar and interlobular connective tissue are secondarily 
involved. Corresponding to each of the lesicms of the alve- 
olar tissue which have been found with bronchopneumonia, 
namely, peribronchiolar, hemorrhagic peribronchiolar, lob- 
ular and peribronchial consolidation, there is a chronic le- 
sion which develops when pneumonia has failed to resolve. 

The term interstitial bronchopneumonia has been used 
by MacCallum to designate a lesion which he has found in 
association with measles at Fort Sam Houston. This name 
he states does not (lescril)e accurately the early stage of the 
lesion, for its interstitial character is not evident at first. In 
his monograph on ** Epidemic Pneumonia in the Army 
Camp," published in 1919, MacCallum describes and pic- 
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nirt's insiaiii-os of ilit* lf>ioii wliieli we have designated iii- 
U'r>iiiial >\;}>]ninniYi* ]»neuiiionia and classifies them as in- 
ior>:iiial hronrViO]MK*uinonia. We liave shown that this le- 
>ior., wl.iiV. i> tI.o T\»sult of infection of the lymphatics with 
S. ■;ov*ioly"iii*v.<, Ivars no necessiiry relation to the lesion 
>\1ii^'l: i> i-lianu-u-rizoil in its early stage by peribronchiolar 
pi-T'Uiv.or.ia a^ni in ii> later stages by chronic inflammation 
>vi!V. ir.or;or.r.i*ioar iniiltnition and proliferation of the peri- 
bvor.vV,ia\ ivrivasrvJ.ar and interalveolar tissue. At Fort 
S{,:r. HonsToi:, r.oarly every i^itient with measles was in- 
!\vtts: w::":: l:ov..o!ytii' stn^ptoiHX'ci: we obser^^ed, following 
i!ii!uov.rr», siira'ar prevalemv of hemolytic streptococci in 
xev::r:r. >\ a^\i> :v. :l,o i>asi* liospital at Camp Pike. Among the 
rasos a: Kon Sain Houston there w-ere doubtless instances 
lv!V, v^:* :!::orst:tsal sr.pvurative pneumonia caused by hemo- 
lytiv- srrx^ptvviHvus ar.d of ohronie bronchopneumonia not 
iv:VraMo to tV.:s v/.iorvH^riranism. 

Srvuiyi'ic p:u^u:v,o!:ia following influenza at Camp Lee, 
Va., ativl lart^r at Oa:»:v Pix, N. J., during the fall of 1918, 
Mavi^'allu'v. ivav:u\l riio oonolusion that *' interstitial bron- 
I'hv^p^uM'.VA^v.ia*' :\^- Lvn\ :r;C iv.thionza was caused by B. influ- 
tir/iv v^:' r:Vl:Yo:\ Tills losiou attributed to B. influenzae 
vUfYoivvi fvov,*, rr.ar v"^'^'*^'^->ly referred to hemohi;ic strep- 
tvvvvv'us iti :I:^' :olUnvl::c characters : the IjTnphatic chan- 
lu'ls III ;!'.c bvv>!u r-ial walls and widened interlobular septa 
:ii\* ■'•aovv>>'vVa*v.s avvl none are found distended with exu- 
vlatv'; r'v'iv i^ * -^ •v,uv.>c iuuvtiou of the pleura, and poly- 
mivuar U'iuvH'\:vs avc ircouspiouous in the alveolar exu- 
vlaU' ai'vl i'l uw NvaV.s o: l\w brouehi. It seems probable 
ti'A'Nv' aicYi vcvav s arc cxj'lahuxl by the absence of hemolytic 
.'^tlc^'^vv>cv•i Nv: uii :ovaI lo ii-vado lymphatics and produce 
^Ncvcic i'if!a'M'.:?.a:v^vy c-uiii^os iu the pleura. 

Chronic Bix>nchitis. l" c cavUost changes in the bron- 
chial wall with bvo»:cri!tis of iutUiciiza are hyperemia, leu- 
civMic innlivat'ioii arivl hcirorrliaire, and they may occur 
c\cii thvuixli tlic liiiiu.ic c^nthcUuiu remains intact. Epithe- 
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lium frequently undergoes partial or complete destruction, 
and with this severe injury the influence of the inflamma- 
tory irritant may extend directly through the wall of the 
bronchus, for in some instances there is hemorrhage into 
all the alveoli in a zone encircling the bronchus. Since these 
alveoli have only indirect communication with the affected 
bronchus through alveolar tissue not involved in the in- 
flammatory process, it is evident that the surrounding 
hemorrhage is secondary to the lesion of the bronchus. 
Fibrinous inflammation in other instances, similarly local- 
ized in a zone of alveoli encircling a bronchus, is doubtless 
the result of direct extension of the inflammatory process 
through the bronchial wall. After the disease has existed 
during two or three weeks inflammation is still active im- 
mediately below the inner surface of the bronchus; here 
polynuclear leucocytes are numerous whereas in the deeper 
parts of the mucosa and about the muscularis leucocytes are 
scant but lymphoid and plasma cells are very numerous. 
The severity of the inflammatory reaction may be judged 
by the abundance and extent of this cellular reaction and is 
in close relation to the intensity of the changes affecting 
the mucous membrane of the bronchus. Infiltration of the 
entire bronchial wall with lymphoid and plasma cells is 
almost invariable when the primary injury to the bronchus 
has destroyed the epithelial lining, and tliis infiltration is 
not limited to the bronchial wall but extends outward into 
the contiguous alveolar septa which are thickened by it. 
The sheath of the pulmonary artery which accompanies the 
bronchus exhibits a similar change, and the alveolar septa, 
as a fringe about it, are thickened and infiltrated with mon- 
onuclear cells. Interlobular septa continuous with the bron- 
chus often show some infiltration. 

A later phase in this series of changes is represented by 
new formation of fibrous tissue. The bronchial walls and 
interalveolar septa are thickened by proliferating fibrous 
tissue, young fibroblasts and newly formed collagen fibrils 
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IxMii^ abundant (Fi<i:. 28; also Fig. 30). This increase of 
fibrous tissue is especially noteworthy immediately sur- 
rounding the walls of the small bronelii, which are often 
considerably dilated, and a])out the smaller of those bron- 
chi which have cartilage; with thickening of alveolar walls 
inunediately adjacent to the bronchus every stage in the 

obliteration of the alveoli mav be found. Their walls are 

» 

thickened aii<l tlu^ir lumina are diminished in size an<l often 
flattened in a direction concentric with the bronchus. Such 
atrophied alveoli lined by cubical ei)ithelial cells occurring 
within the thick(»ned peril)ronchial fibrous tissue give evi- 
dence that this tissue has replaced alveoli. Alveoli sur- 
I'ounding aiul within the new fibrous tissue are fre- 
quently filled with fibrin, and organization indicated by 
l)(»netration of fibrol)lasts and capillaries into the fibrin 
may l)e far advanced. There is some increase of j)erivascu- 
lar and interlol)ular tissue. The bronchiectasis which is 
almost invariably found with unresolved bronchopneumo- 
nia has l)een descrilu^l. Siiuamous transformation of epi- 
th<*lium (i)ag(» 251) is fre(iu(»ntly found in association with 
tlie clironic l)ronchitis of unresolvinl pneumonia. 

Organizing Bronchitis and Bronchiolitis. — AVhen the 
bronchial (^pith(»lium is destroyed, fibrin is deposited upon 
tli(^ d(»nuded surface and may partly or completely fill the 
lumen of the l)r()nchial tube. The plug of fil>rin is adherent 
to the underlying tissue wherever epithelium is lost but is 
s(»parated from Ww l)ronchial wall l)y a well-defined space 
wluM-e epithelial lining is still intact. Fibroblasts promptly 
migrate from the wall of the bronchiole into this fil)rin, and 
fibroblasts, fixe<l during ameboid movement, are irregularly 
(^longatcMl in a direction toward the fibrin. 

Organization of fibrin occurs within the smallest bronchi 
((liain(^f(M- 0.;) to ()..") nun.) or within r(^sj)iratory bronchioles. 
Tt has been found in 8 autopsies. In one instance it has 
been ])resent eleven <lays after the onset of influenza, but 
usually it is seen three or four weeks after onset of sjinp- 
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toms of respiratory disease. In the early stages of the 
lesion a plug of fibrin within the himen of the bronchus or 
bronchiole is invaded by fibroblasts, plasma cells and newly 
formed capillaries. These capillaries have their origin in 
the wall of the tube and enter the fibrin at points where 
in consequence of loss of epithelium fil)rin is continuous 
with the connective tissue. AVhen the bronchiole is cut 
longitudinally, partially or completely organized fibrin may 
be found adherent at several places with intact epithelium, 
sometimes beautifullv ciliated, between the sites of attach- 
ment. The fibrin is finally replaced complot(*ly and the 
lumen of the bronchiole contains a mass of organized 
fibrous tissue in which young fibroblasts and plasma cells 
are numerous. 

The lesion has been associated with chronic l)ronchopneu- 
monia in 6 of 8 instances. In Autopsy 445, p. 257, organ- 
izing bronchitis and bronchiolitis occurred in the right lung 
unassociated with other chronic lesion, although there was 
advanced bronchiectasis with fibrous induraticm in th(^ 
left lung. In Autopsy 499 (p. 224) organizing bronchiolitis 
occurred in association with chronic changes which appear 
to have followed interstitial suppurative pneumonia caused 
bv S. hemolvticus. Other severe lesions of the bronchi 
have accompanied organizing bronchitis and l)ronchiolitis. 
Purulent bronchitis has been present in 7 of 8 instances; 
bronchiectasis in 5 of 8 instances. 

The bacteriology of autopsies with organizing bronchitis 
and bronchiolitis is shown in Tal)le LIII. 

The bacteriology of these cases presents no constant 
feature. Invasion of the blood bv S. hemolvticus has l)een 
present in a large proportion of cultures, namely, in 5 of 7 
(71.4 per cent). In one of the 2 instances in wliich hemo- 
lytic streptococci have been found, neither in the blood nor 
lungs, Pneumococcus III has been found in tlie blood and S. 
viridans in the lungs and bronclius; in th(» oth(M*, S. aur(nis 
has been found in the lung and bronchus. Staphylococci 
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have boon found frequently in the bronchi (60 per cent) 
and in tlie hin^s (50 per cent). B. influenza^ has been pres- 
ent in the bronehi in the usual proportion of instances 
(80 per cent). The lesion has occurred in the presence of 
B. influenzae conil)ined with streptococci or staphylococci. 

Throml)osis of lymphatics in the wall of bronchi adjacent 
to blood vessi^ls and in interlobular septa occurs, and occa- 
sionally organization of the fibrinous plug within the lym- 
phatic is in progress (Autopsies 283, 425 and 463). Fibro- 
blasts and capillaries penetrate from the wall of the lym- 
phatic into a mass of hyaline fibrin which fills the lumen. 

Unresolved Bronchopneumonia. — The most conmion type 
of pneumonic l(»sion following? influenza is characterized by 
acute inflannnation of the alveoli immediately adjacent to 
the broncliioh^s and thi* lesion is associated in many in- 
stances with lumiorrha<i;e or edema. If this lesion persists 
uiuesolved during several we(*ks, evidences of chronic in- 
flannnation are found. Peribronchial, perivascular and in- 
t(»rlobular coimectivo tissue is thickened and richlv infil- 
t rated with hmphoid and i^lasma cells, large mononuclear 
cells and many youn<2: fibroblasts. Interalveolar septa ad- 
jacent to the walls of bronchi and between alveoli surround- 
ing inflamed bronchioles are implicated in the process. 
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Interstitial changes characterize the lesion only in its late 
stage. It appears undesirable to give the name ** interstitial 
pneumonia'^ to the early stage of a lesion which begins and 
in most instances terminates as an acute relatively super- 
ficial inflammation of the bronchi, bronchioles and peri- 
bronchiolar alveoli. 

Chronic bronchopneumonia is often overlooked at au- 
topsy because newly formed connective tissue is not present 
in sufficient quantity to attract attention (Fig. 26). When 
the lesion is advanced conspicuous gray white patches of 
fibrous tissue may be seen about the bronchi (Autopsy 487; 
Fig. 27) and interlobular septa may be obviously thickened 
(Autopsy 472). The most distinctive feature of the lungs 
is the presence of small, firm, gray or yellowish gray nod- 
ules of consolidation which resemble miliary tubercles. 
They represent the peribronchiolar patches of broncho- 
pneumonia present during the acute stage and have 
assumed the well-defined outline and firm consistence of 
tubercles because polynuclear leucocytes and red blood cor- 
puscles have in large part disappeared, interstitial tissue 
is increased, and exudate is in process of organization. 
These nodules are grouped in clusters about the small 
bronchi. 

With unresolved bronchopneumonia the lungs are very 
voluminous and fail to collapse after they are removed from 
the chest and in some instances even after incision. The 
air containing tissue is usually dry. In our autopsies the 
lungs have been pink in color and often free from coal pig- 
ment, because those suffering with pneumonia have been in 
considerable part men from rural districts. Thick muco- 
purulent material exudes from the small bronchi which 
have been cut across; purulent bronchitis has been present 
in 20 of 21 instances of chronic bronchopneumonia. Bron- 
chiectasis has been present in 13 instances; dilatation is 
often advanced, so that throughout the lungs are found 
bronchi with no cartilage distended to a diameter of 0.5 cm. 
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In addition to the firm pcril)rondiiolar tuberelo-liko nod- 
ules of consolidation tli(»ro are scattered patches of gray 
lobular or confluent lobular consolidation. Yellowish nod- 
ules, grouped about bronchi and resembling those found 
elsewhere in air containing: tissue, are occasionally seen 
scattered upon the cut surface oT a patch of gray, confluent 
lobular consolidation (Autopsies 421, 423, 431). 

Microst^opic examination denionstrat(»s the presence of 
those changes which have be(»n di^scrilxul in association 
with chronic bronchitis and bronchiectasis. There is abun- 
dant new formation of fibrous tissue about the bronchi of 
small and medium size, thickening of adjac(»nt interalv(»olar 
walls and incorporation of alveoli into the thickened bron- 
chial wall (Figs. 27, 28, 30, and 31). In lialf of the in- 
stances of chronic bronchopneumonia there has been peri- 
bronchial fibrinous pneumonia, and organization of fibrin 
within the alveoli is usuallv well advanced. In one instance 
(Autopsy 487; Figs. 27 and 28) aft<*r an illness of fifty-five 
days this process has resulted in the formation of conspic- 
uous patches of firm, grayish white fi])rous tissue surround- 
ing dilated bronchi. Organization of fil>rinous exudate 
within the lung has not been linn'ted to the alveoli but has 
occurred in the bronchioles as well. Organizing bronchio- 
litis has been prescMit in 5 instances (Autopsies 370, 402, 
457 and 473). 

Increase of fibrous tissue occurs about the blood vessels 
and in the septa between the lobules, which are infiltrated 
\vith mononuclear wandering cells and fibroblasts. Dila- 
tation and thrombosis of the lymphatic v(»ssels have oc- 
curred in both situations, and in 3 instances (Autopsies 
283, 425 and 463) organization of these fi))rin()us thrombi 
has occurred. 

Thickening, cellular infiltration and fibrosis of the bron- 
chial walls with interstitial inflammation and fil)rosis of im- 
mediately adjacent alv(»olar s(»i)ta are found about tlu* 
ramifications of the bronchial tree and mav be followed 
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to the smallest bronchi. When the respiratory bronchioles 
are reached it will be found that the alveoli which stud their 
walls are implicated in the change. The fibrin which they 
contain is- ijifiltrated with lymphoid and plasma cells, and 
with progress oi' the lesion is invaded by fibroblasts and 
capillaries. Infiltration and fibroid thickening extends 
from the bronchiolar wall to the alveolar septa continuous 
with it (Fig. 31 with nioii^^les). Siniihir clian^es occur about 




the alveolar ducts, and about the orifices of the tributary 
infundibuia (Fig. 32), i)eril)ronchiolar foci of acute iniiam- 
matiou having assumed the characters of a cJirouic inflam- 
matory procet>s. Fibrin within the alveoli contains round 
cells and fibroblasts. AVith thickening of alveolar walls the 
alveolar lumina may l)e much dbuiiiiahed in size and often 
persist as spaces lined by cubical cells. Polj-nuclear leu- 
cocytes are usually numerous within the alveolar duct and 
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in a few alveoli immediately adjacent to it, but elsewhere 
throughout the focus of inflammation round cells are pre- 
dominant. The changes which have been described corre- 
spond with the transformation of ill-defined, gray or red- 
dish gray spots of consolidation grouped about the termi- 
nal bronchi into firm sharply defined grayish white nodules 
having the consistence and appearance of miliary tubercles. 

One of the most constant characters of pneumonia fol- 
lowing infiuenza is its hemorrhagic character. In the 
earlier stages of pneumonia phagocytosis of red blood cor- 
puscles by large mononuclear cells is frequently seen. In 
association with the chronic changes which have been de- 
scribed, large mononuclear cells filled with brown pigment, 
doubtless formed from red corpuscles, are often found 
within the alveoli. These pigment containing cells are sim- 
ilar to those commonly associated with chronic passive con- 
gestion of the lungs. 

In one instance (Autopsy 457) hemorrhagic peribron- 
chiolar pneumonia has been found in process of organiza- 
tion. The l)ronchioles and alveoli adjacent to them contain 
polynudear leucocytes, but intervening alveoli almost uni- 
formlv contain blood and are the site of new formation of 
connective tissue. Interalveolar septa are thickened and 
alveoli which are lini^d by cul)ical epithelium are often di- 
minished in siz<». In many j>laces fil)roblasts have pene- 
trated in eonsiderabh* nunib(»r into the blood within the al- 
veoli and occasionally newly formed capillaries are found 
within them. 

Lobulai* pat(*hes of inieunionia are often found in process 
of organization (Autopsies 370, 421, 423, 433, 463, 472 and 
473). ^licr()scoi)ic examination shows that whole lobules 
well defined by thickened septa an* the site of chronic in- 
teralveolar inflannnation and intraalveolar organization of 
exudate, whereas adjacent h)l)ules are air containing and 
relatively normal. In the earrKM* stages of the process 
fil)rin i)resent within the alveoli is invaded by fibroblasts. 
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mononuclear wandering cells and blood vessels but in the 
later stages fibrin has disappeared ; the lumina of the alve- 
oli are occupied by cellular fibrous tissue and in places the 
thickened alveolar walls and intraalveolar fibrous tissue 
have been fused to form wide patches of new tissue. 

With chronic bronchopneumonia confluent lobular con- 
solidation occasionally has a gray ground upon -which are 
scattered small yellow spots clustered about the small 
bronchi (Autopsies 421, 423 and 431). Microscopic exam- 
ination has shown that the yellowish spots correspond to 
dilated bronchioles filled with purulent exudate and sur- 
rounded with alveoli containing many pohniuclear leuco- 
cytes. In the interstitial tissue about the bronchiole and 
between adjacent alveoli plasma cells are often present in 
great number. Between these spots of subacute bronchio- 
lar inflannnation lung tissue is the site of interalveolar pro- 
liferation of fibrous tissue and intraalveolar organization of 
exudate. 

In all instances of chronic bronchopneumonia there has 
been peribronchial pneumonia in a zone encircling small 
bronchi w^ith no cartilage and the smallest of the bronchi 
which have cartilage in their wall; thickening of interal- 
veolar septa, organization of peribronchial fibrinous pneu- 
monia and partial disappearance of alveoli have been de- 
scribed. In the following autopsy peribroncliial fibroid 
pneumonia has been so advanced that conspicuous patches 
of gray white tissue surrounding bronchi have replaced in 
some parts of the lung a considerable part of the lung sub- 
stance. 

Autopsy 487. — W. C, white, aged twenty-seven years, a farmer from 
Mississippi had been in military service twenty-one days. Illness began 
on September 17, fifty-five days before death, with cliill, fever, eough, back- 
aehe, pain in the chest and coryza. The patient was admitted two weeks 
after onset with the diagnosis of influenza. Kight days later his sputum 
was blood tinged and there were signs of bronchopneumonia. One month 
after admission the patient developed a raali and a diagnosis of scarlet 
fover was made. 
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Anatomic Diagnosis. — Chronic bronchopneumonia with peribronchial 
filiroiil induration; bronchiectasis: purulent bronchitis: abscesses at the 
bases of both lungrs; seropurulent pleurisy on the left side. 

The borly is much emaciate<l. The left pleural cavitr contains 650 
c.c. of opaque, dull yellow, thin, purulent fluid. The surface of the left 
lunjf is covered in spots by white partially organized fibrin. 

On section of the rijrht lunjj (Fig. 27) the tissue is found in great j>art 
air containing but there are numerous firm, gray patches, irregular in shape 
and from 1 to 2 cm. across. In these sjwts the tissue is tough and resembles 
fibrous tissue: within them are much dilated bronchi. In the central part 
of the upper lobe is a group of cavities with smooth wall, the largest of 
these cavities being 12 mm. in diameter; immediately adjacent arc di- 
lated bron«-hi. Between and surrouniling these caWties is gray tissue, like 
tliat described above. Below the outer surface of the upper lobe is an 
extensive area 7 cm. from above downward, thickly studded with bron- 
chiectatic cavities, in the walls of which there is tough fibrous tissue. 
In the middle l(d>e are several dilated bronchi, the largest of which is 7 mm. 
in diameter, and elsewhere occur dilated bronchi with thickened walls. At 
the base of the lung Mow the pleura are two abscesses, which are yellow in 
the center and surrounded by hemorrhagic tissue. At the ]>osterior part of 
the lower lobe there are numerous firm, nodular, yellowish spots grouped in 
clusters upon a liackground of red, air containing tissue. The bronelii 
throughout the lung contain mucopurulent fluid. 

In the left lung patches of fibrous tissue are more numerous than on the 
right side and are irregular in shape, from 1 to 2 cm. across and most abun- 
dant in the center of the upper lobe. This fibrous tissue is in great part gray 
but in places it has a yellowish tinge. The bronchi everywhere are moderately 
dilated. At the base of the lung Mow the pleura is an abscess. 

The other organs show no noteworthy change. 

Bacteriologlc Examination. — The fluid in the left pleura and right main 
bronclms contain S. hemolyticus. B. influenza? is found in the right lung and 
light main bronchus. 

^^il•^os<.•opi^• exnniination shows that the patches of dense fibrous tissue 
seen at autopsy almost invariably surround dilated bronchi with no cartilage 
in tlieir walls (Fig. 2S) and with a diameter of from 1 to 2 or more milli- 
meters. These bronchi have lost their epithelial lining; they* contain poly- 
nuelear li'ueoevtes, and their wall in contact with the lumen is infiltrated to 
a vjirying distniue with the same cells. Their inner surface is very irregular, 
and superficial necrosis occurs. The limits of the preexisting bronchial wall 
is no l<ni«^er reioy^ni/jiblo in the dense surrounding fibrous tissue richly infil- 
ti.'ited with lymphoid and jdasma cells. In contact with the bronchus, often 
in a wide zone, all traces of alveoli have Wen destroyed, but further outward 
alve(»li are represented by spaces lined by cubical epithelium. At the peri- 
]»hery of the zone of fihroitl induration alveolar walls are much thickened 
and richly infiltrated with mononuclear wandering cells; the lumiua of the 
aheoli contain i>liigs of organized fibrous tissue often covered by flat or cubical 
ei»itlielium. In the surrounding tissue a few small bronchi are lined by col- 
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umnar epithelium; there is scant new formation of fibrous tissue but the 
alveolar walls are thickened and infiltrated with cells. Epithelium of the 
larger bronchi with cartilage in their walls is usually intact and there is about 
them little peribronchial inflammation. 

Advanced induration about the bronchioles represents a 
late stage of chronic peribronchiolar pneumonia. A bron- 
chiole cut transversely is found in the center of a focus of 
induration situated within relatively normal air containing 
lung tissue. Next the bronchiole which in some instances 
has wholly or partly lost its epithelium there is very cellu- 
lar fibrous tissue ; further from the bronchiole alveoli are 
much diminished in size, lined by flat or cubical epithelium 
and separated by thick cellular walls. Plugs of cellular 
fibrous tissue sometimes fill the alveolar duct. In favorable 
sections, cut in a plane which shows the alveolar duct open- 
ing out into infundibula, it is found that newly formed fi- 
brous tissue surrounds the alveolar duct and extends into 
the walls of its tributary alveoli ; alveoli may be obliterated 
by this fibrous tissue. Induration of alveolar walls is evi- 
dent along the proximal part of the infundibula which are 
readily demonstrable because tliey are much dilated. (See 
Fig. 32.) The distal parts of the infundibula are sur- 
rounded by alveoli with delicate walls. 

One bronchus retains along one side part of its epithe- 
lium which has assumed a squamous form. In other placets 
the wall has undergone necrosis wiiich at one spot extends 
deeply into the surrounding tissue. Necrotic tissue in an- 
other part of the circumference is infiltrated w^ith polynu- 
clear leucocytes and separated from the surrounding tissue 
by a space filled with leucocytes. An abscess communicat- 
ing with the bronchus is thus formed. 

The foregoing instance is an example of the chronic fi- 
broid pneumonias with bronchiectasis which occur as se- 
quelae of the epidemic of influenza. It is not iinprol)al)le 
that a considerable number of those who suffer with chronic 
bronchitis and bronchiectasis following influenza have less 
extensive lesions similar to those which have been described. 
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Bacteriology of Unresolved Bronchopneumonia. — ^Bacte- 
ria found in the bronchi in 10 instances of chronic broncho- 
pneumonia have been as follows: 

Bacteria in Bronchi with Chronic Bronchopneumonia 

B. coli 1 

B. influenzflP and pneumococciis 1 

B. influenza? and S. homolyticus 2 

B. influenzae and staphylococcus 1 

S. hemolyticus and B. coli 1 

B. influenzae, pneumococcus and staphylococcus 3 

B. influenza), S. viridans and M. catarrhalis 1 

Bacteria found in the lungs in 17 instances of chronic 
l)ronchopneunionia were as follows: 

Bacteria in Lungs with Chronic Bronchopneumonia 

B. influenza} 1 

Staphylococcus 1 

S. viridans 1 

B. influenza? and pneumococcus 1 

B. influenzae and S. hemolyticus 3 

B. influenza* and staphylococcus 3 

Pneumococcus and S. hemolyticus 1 

S. hemolyticus and B. coli 2 

B. influenza?, S. hemolyticus and staphylococcus 3 

No organism found 1 

A noteworthy feature of these lists is the multiplicity of 
microorganism found, namely, B. influenzae, S. hemolyticus, 
pneumococcus, staphylococcus, S. viridans, B. coli, and M. 
catarrhalis. More than one microorganism is usually 
found in both bronchus and lung. In the one instance 
(Autopsy 472) in which B. coli alone has been found in the 
bronchus, B. coli and S. hemolyticus have been found in the 
lung and hemolytic streptococcus in the blood; it is evident 
that B. coli alone has not been responsible for the lesion. 
In one instance (Autopsy 487) B. influenzae alone has been 
found in the lung but hemolytic streptococci have been 
found in the bronchus, pleura and blood of heart; wuth 
S. aureus alone in the lung (Autopsy 370), S. aureus, Pneu- 
mococcus IV and B. influenza^ have been found in the bron- 
chus. AVith S. viridans alone in the lung (Autopsy 473), 
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Pneumococcus III has been found in the pleura and in the 
blood of the heart and has doubtless had an important part 
in the production of pneumonia; S. viridans, M. catarrhalis 
and B. influenzae have been found in the bronchus in this in- 
stance. 

No single microorganism is associated with the lesions 
but combinations of B. influenzae with hemolytic strepto- 
cocci or staphylococci are common (over 50 per cent). In 
Autopsy 422 B. influenzae and Pneumococcus atypical II . 
have been present in the lungs. Among 10 instances in 
which cultures have been obtained from the bronchus B. 
influenzae is found 8 times, and in the 2 instances in which 
it has not been identified B. coli has been present. B. in- 
fluenzae has seldom been found (Table XX\n[I) in the pres- 
ence of B. coli, and it is not improbable that B. coli out- 
grows and obscures the presence of B. influenza?. 

Table LIV shows the per cent incidence of pneumo- 
cocci,- hemolytic streptococci, staphylococci and B. in- 
fluenzae in the bronchus, lung and heart's blood with chronic 
bronchopneumonia and serves as an index of the readiness 
with which each of these microorganisms passes from bron- 
chus to lung and from lung to the blood in this disease. 

Table LIV 





PNEUMOCOCCUS 

PER CENT 

POSITIVE 


HEMOLYTIC 

STREPTOCOCCUS 

PER CENT 

POSITIVE 


STAPHYLO- 
COCCUS 
PER CENT 
POSITIVE 


B. INFLUENZA 

PER CENT 
POSITIVE 


Bronchus 

Lung 

Blood 


40.0 

12.5 
16.6 


30.0 
56.2 

55.6 


50.0 

37.5 



80.0 

68.7 




Comparison of Table LIV with the analogous figures 
for acute bronchopneumonia shows little noteworthy dif- 
ference. Pneumococci are less frequently found in the 
lung (12.5 per cent) and in the blood (16.6 per cent) with 
chronic bronchopneumonia than with acute ])r(mchopneu- 
monia (lung 43.9 per cent ; blood, 40.3 per cent ) . Hemolytic 
streptococci and staphylococci are not more frequently 
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ivund with nnre>i>lTed than with aeote bronchopnenmonia 
and failnr*=" to iv-s* »lve cannot He referred to either or to both 
niit:-n:N:»ri:anism>, for br« mchopneunioiiia not infrequently re- 
mains nnr»^<4>lvft3 in th^'ir absence. B. influenza? is present 
in the bronchi in at least Si) per cent of instances and per- 
haps in all: it is usually c<:»nibined both in the lungs and in 
the bronchi with, one of the pyogenic cocci. 

The severity of the injurj' to tlie walls of bronchi result- 
insT in continue*! infection with a variety of bacteria, 
apiK-ars to be the factor determining failure of resolution 
and the persistence of bronchopneumonia. 

The Relation of Unresolved Bnmchopnemnonia to Inter- 
stitial Suppurative Pneumonia Caused by Hemolytic Strep- 
tococcL — ^Hemolytic streptococci have been present in a 
consi<lerable proportion of those who have had unresolved 
bronchopneumonia and its occurrence in the bronchi, lung 
and l>lood of the heart indicates that it has had an impor- 
tant part in causing death. Unresolved bronchopneumo- 
nia, following measles, designated by MacCallum ** inter- 
stitial bronchopneumonia'' in a series of autopsies at Fort 
Sam Houston in the spring of 1918, was constantly asso- 
ciated with hemolj-tic streptococci. Among the lesions de- 
scril)ed as interstitial bronchopneumonia was at least one 
which was evidently what we have designated interstitial 
siii)|)iirative pneumonia. Lymphangitis was not infre- 
quently found with ** interstitial bronchopneumonia'' fol- 
lowing measles. At Camp Lee and Camp Dix, following 
the epidemic of influenza, ^lacCallum found ** interstitial 
l)r()nchopneuinonia" Avith no hemolytic streptococci and 
noted that lynii)hatics in the interstitial septa were incon- 
si)icu()us and that none was found distended with exudate; 
empyema was not present. 

AVo have shown that interstitial suppurative pneumonia 
is an acute lesion caused by hemolytic streptococci. Unre- 
so1v(m1 bionchopneunionia is accompanied by chronic pneu- 
monia and has no necessary relation to this microorganism. 
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In a foregoing section we have described instances of in- 
terstitial suppurative pneumonia unaccompanied by chronic 
changes, and in the present section we have described in- 
stances of unresolved bronchopneumonia with no infection 
by hemolytic streptococci. We have pointed out that the 
incidence of streptococcus infection with unresolved bron- 
chopneumonia does not materially differ from that Avith 
acute bronchopneumonia even though the greater duration 
of the disease gives more opportunity for infection. In 
some of the autopsies made by MacCalhim at Fort Sam 
Houston, lesions of streptococcus infection doubtless coex- 
isted with unresolved bronchopneumonia. 

In the 3 autopsies described bellow, int(U'stitial suppura- 
tive pneumonia with empyema caused by hemolytic strepto- 
coccus occurs in association with unresolved broncho- 
pneumonia. 

Autopsy 420. — J. E. S., white, aged thirty-two years, born in England 
and resident of Lob Angeles, Cal., had been in military service one month. 
Onset of illness began on October 3, eleven days before his death. He was 
admitted to the hospital on the following day with the diagnosis of influenza 
and acute bronchitis. Pneumonia believed to be lobar was recognized eight 
days after admission. 

Anatomic Diagnosis. — Unresolved bronchopneumonia wMth hemorrhagic 
peribronchiolar consolidation in right lung; interstitial suppurative i)neumonia 
with consolidation in left upper lobe; fibrinopurulent pleurisy; purulent bron- 
chitis. 

The left pleural cavity contains 200 c.c. of turbid yellow fluid in which 
are flakes of fibrin. In the inner and upper part of the left upper lobe there 
is an area of consolidation where the tissue has a cloudy, pinkish gray color 
and is finely granular on section. Here the interstitial septa are distended by 
edema, so that they are in places 0.5 c.c. across; in some spots they have a 
bright yellow color. In the posterior parts of the middle and lower lobes 
there is flabby consolidation where the tissue has a cloudy, red color with 
scattered ill-defined yellow spots. 

Bacteriologic examination sliows the presence of hemolytic strej)tococci 
in the blood of the heart; hemolytic streptococci with B. influenza? and S, 
aureus in the left lung and S. hemolyticus with S. aureus in the right lung. 

Microscopic examination shows that bronchi, bronchioles, alveolar ducts 
and the greater part of the infundibula are filled with polynuclear leucocytes, 
whereas the alveoli surrounding these structures contain fibrin. The walls 
of the small bronchi are thickened and contain mononuclear cells; the adjacent 
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alvf<>];)r walls are similarlv infiltrated and thickened and the fibrin within 
them is under^(»ing organization, bein^ invaded by plasma cells, fibroblasts 
and new It formed Moi.Nl vessel?. In some sections interstitial septa are dis- 
teniled by edema and contain fibrin in abundance: in places the tissue contains 
Ijolynui-loar leuefK*yt«»< closely {tacked together. There are lymphatics greatly 
disten«le«l by poly nuclear leucf Kbytes with some fibrin, lymphocytes and red 
bloo<l corpuscles. 

Autopsy 428. — D. B.. white, aged twenty -five, a farmer from Oklahoma, 
had been in military service three wei»ks. Onset of illness was on September 
21, twenty-five days bef<»re death, with fever, cough and mucopurulent ex- 
pectoration. The patient was admitted with the diagnosis of acute bilateral 
bronchitis. Four days later bronchopneumonia was recognized, and subse- 
quently there was otitis me<lia and empyema ; 600 c.c. of thin, purulent fluid 
were aspirated from the right chest three days before death. 

Anatomic Diagnosis. — Unresolved bronchopneumonia; suppuration of in- 
terstitial tissue of upper right and lower left lol)es; purulent bronchitis; 
fibrinopurulent pleurisy; thoracotomy wound at the base of the right chest; 
collapse of both lungs: serofibrinous pericarditis. 

The left pleural cavity contains 550 c.c. of turbid seropurulent fluid in 
which are numerous flakes of soft fibrin. The right pleural cavity contains 
150 c.c. of similar flui<l. The mcfliastinum is edematous. The pericardial 
cavity contains 50 c.c. of yellow fluid. 

The right lung is mo<lerately collapsed. In the upper and lower lobes are 
small patches of red, lobular consolidation. The upper third of the upper 
lobe is laxly consolidated and near its inner surface the interstitial septa are 
thickened to from 1 to 1.5 mm. in width, and at intervals occur bead-like 
swellings from which creamy purulent fluid exudes upon the cut surface. In 
the left lung small patches of gray consolidation occur throughout the lower 
lobe an<l here the interstitial septa are thickened, beaded and contain puru- 
lent fluid. 

Bacteriologic exaniinntion shows that the blood contains S. hemolyticus; 
from the right lung and from the right main bronchus hemolytic streptococci 
and B. influenza? are grown. 

Microscopic examination shows that the ej>ithelium of the bronchi has 
un<l(»rgonc hypertroj)hy ; the wall is infiltrated with lymphoid and plasma 
cells and thickened bv new formation of fibrous tissue; there is similar thicken- 
ing of jHljacont alveolar septa and alveoli, often lined by cubicjil cells, are 
diminished in size. Connective tissue about the blood vessels and the inter- 
stitial sc])ta are tliickened and infiltrated with mononuclear cells. In parts 
of the lung the interstitial septa are edematous and contain polynuclear leu- 
cocytes, in some places in groat number. Lymj)hatics arc greatly dilate<l and 
fdled with polynuclear leucocytes which in the center of some lymphatics have 
undergone necrosis. In one idace a small abscess is in contact with a dis- 
tended lymphatic. Lymphatics contain Gram-staining cocci in pairs and short 
chains, ])resent in immense number where necrosis has occurred. 

Autopsy 433. — H. J., white, aged twenty-seven, from Arkansas, has been 
in military service one month. Onset of illness was on September 28, nine- 
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teen days before death^ with cough and expectoration. Pneumonic consolida- 
tion was recognized two days later and 20 c.c. of cloudy fluid wore aspirated 
from the left chest on the same day. Hemolytic streptococci were found 
in a culture from the throat nine days before death. 

Anatomic Diagnosis. — Unresolved bronchopneumonia with peribronchiolar 
and confluent lobular consolidation ; interstitial suppuration of the right lower 
lobe; purulent bronchitis; fibrinopurulent pleurisy. 

The right pleural cavity contains 700 c.c. of yellowish gray purulent fluid 
containing flakes of fibrin. The left pleural cavity contains seropurulent 
fluid localized over the external part of the lung. 

The right lung is voluminous and free from consolidation save at the lower 
and posterior part of the lower lobe where the tissue is deep red and studded 
with firmer spots of yellow color clustered about the bronchi. In places 
the interstitial septa are thickened and yellow. Surrounding some of the 
bronchi near the apex of the left lung are red patches of consolidation. 

Culture from heart's blood remained sterile. S. hemolyticus was grown 
from right pleural cavity, and S. hemolyticus and B. influenzie were grown 
from the right lung. C*ulture from the left lung contained S. aureus and 
contaminating microorganisms. 

Microscopic examination shows the ])resence of peribronchiolar patches of 
pneumonia in which there are few polynuclear leucocytes and many lymj)hoid 
and plasma cells; the alveolar walls are thickened and infiltrated with mono- 
nuclear cells. In some sections the tissue is wholly consolidated and the site 
of advanced organizing pneumonia. Interlobular septa and connective tissue 
about blood vessels are thickened and cellular. Small bronchi have lost their 
epithelial lining, their walls are thickened and there is peribronchial organ- 
izing pneumonia. In some sections the lymphatics are immensely dilated and 
distended with polynuclear leucocytes. There is necrosis of the walls of the 
lymphatics and of the polynuclear leucocytes within the lumen. 

In the discussion of acute bronchopneumonia it has been 
shown that S. heinolvticus is not infreciuentlv a seeondarv 
invader of a pneumonic lesion perhaps caused by pneumo- 
eocci. AVith progress of the dis(*ase li(»molytic strepto- 
cocci persist. In the autopsies with unresolved pneumo- 
nia just described, hemolytic streptococci have found their 
way into the lymphatics and produced suppurative lym- 
phangitis with inflammation of the interstitial septa of the 
lung. 



CHAPTER V 

SECONDARY IXFECTIOX IN THE AVARD 
TREATMENT OF MEASLES 

James C. Small, M.D. 

A study of 979 eases of measles was made in the base 
hospitals of Camps Fimston and Pike from July to Decem- 
ber, 1918, with the purpose of establishing any existing re- 
lation bc^tween the prevalence of the hemolytic streptococci 
and the incidence of the graver complications of measles, 
especially the pneumonia following measles. The greater 
number of these cases occurred at Camp Pike coincidently 
with the influenza epidemic, so that the picture is modified 
during this period by a summation of the after effects of 
the two diseases. 

The work undertaken includes : 

(a) Routine throat cultures on admission of all patients 
with measles. 

(b) Separation and treatment in separate wards of the 
patiiaits harboring hemolytic streptococci and those free 
from such streptococci. 

(c) Investigation of the bacteriology of all cases under 
treatment, by weekly throat cultures during the period in 
the hospital. 

(d) Bacteriologic study of the complications of measles 
during life and at autopsy. 

(o) Study of the throat bacteriology of men on duty in 
the camp, to esta])lish the prevalence of hemolytic strep- 
tococci and of B. influenza^ in normal individuals. 

Tlio work is furtlier divided into that done at Camp 
Fuiiston during the latter ])art of July and throughout 
August, and tliat done at Camp Pike during September, 
October, November and December, 1918. 

OQO 
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Studies at Camp Funston. — The work done at Camp 
Funston is limited strictly to the identification of liemo- 
lytic streptococci in the throats of all patients with measles 
coming into the base hospital at Ft. Riley and to the same 
study of a group of normal men on duty. During the 
period of study hemolytic streptococci were identified by 
throat culture in about 1 in 5 of all the normal men ex- 
amined. Two instances of otitis media represent the only 
complications developing in the 112 cases of measles. Cul- 
tures from both patients showed staphylococci. The entire 
absence of streptococcus complications appears the more 
surprising in view of the fact that the prevalence of hemo- 
lytic streptococci among patients under treatment in the 
ward was for a time as great as that among the normal 
men. No special hospital management was instituted on 
the basis of the findings in throat culture. S. hemolyticus 
carriers remained in the wards and were treated alongside 
the ** clean'' cases. The sheet cubicle svstem was used for 
bed patients. Face masks were not worn. Convalescent 
patients were not segregated, and they assisted in the care 
of the bed patients and in the ward kitchen. After the 
initial throat culture on admission, the throats were 
gargled with argyrol and afterwards sprayed with the same 
solution three times a dav. This solution was also em- 
ployed to relieve the discomfort caused by the conjunctivitis 
during the acute stage of the disease. 

Throat Culture and Identification of Hemolytic Strep- 
tococci. — ^In general the methods for the isolation and 
identification of hemolytic streptococci as adopted by tlie 
Medical Department of the Army were used. All organ- 
isms were isolated in pure culture, grown in broth, exam- 
ined microscopically and subjected to tests for hemolysis, 
(a 5 per cent suspension of sheep corpuscles being em- 
ployed), and for bile solubility. 

Beef infusion broth and beef infusion agar constituted 
the two basic media used. They were prepared so that the 
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finished product titratc^il about 0.3 per cent acid to phe- 
nolphtlialein. 

Broth tubes were carried to the bedside. In swabbing, 
the atteini)t was made to produce gagging. This causes 
the tonsils to protrude from ])ehind the anterior phai^ii- 
geal pilUirs and places a slight tension on the capsule which 
tends to squeeze material from the crypts. The surfaces 
of the tonsils thus protruding toward the midline were 
brushed quickly with a small cottxm swab which was lastly 
touched to the i)osterior pharyngeal wall and withdrawn so 
as to avoid touching any other parts. The swab was im- 
mediately introduc(^d into a tube of broth, twirled freely 
under the surfac(» of the liquid and discarded. The ma- 
terial thus washed into the broth was carried to the labo- 
ratory and kept in the ice box until plating, which was ac- 
complished with as little delay as possible. 

Tubes of melted agar containing 12 c.c. cooled below 
45'' C, after receiving 0.6 c.c. of sterile defibrinated horse 
blood, were inocidated with a loopful of this broth. Thor- 
ough mixing and i)ouring into Petri dishes (10 cm. diam- 
eter) followed. After cooling, a second loopful was 
str(»ak(Ml over the surface of one half of the plate. Deep 
and superficial ])lanting were thus eflfected on the same 
plate. 

This method was found to be v(»rv useful. It can l)e used 
with advantage y)rovided one is not called upon to make 
a great ]uiml)er of cultures when its time consuming factor 
is a gn^at inconvenience. Another disadvantage is the dif- 
ficulty of ])ickiiig single colonies for subcidture. In spite 
of tli(» most careful selection and fishing of a deep colony, 
sul)cnltures are less likely to l)e pure than M'hen surface 
colonies are clioscMi. By carc^ful regulation of the amoimt 
of agar in the tulx^s, tli(» addition of a measured amount 
of l)lood to each enal)le(l one to pour standard blood agar 
])lates. Uniform thorough mixing of the blood is essential 
so that the plate may present the desired ** silky'' rather 
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than a ^'ciirdlod'' appeai'ance ^vll(»ll view(Ml by transmitted 
light. 

The plates Avore incubated eighteen to twenty-four hours 
when subcultures in broth were made from the hemolytic 

• 

colonies. After growing these for a similar period the 
additional tests were carried out as indicated above. 

Hemolytic Streptococci with Measles. — The incidence of 
hemolytic streptococci in the throats of patients with 
measles admitted to the base hospital at Ft. Riley was 
found to be remarkably small. 



Table Ly 

Hemolytic Streptococci with Measles in all Patients Admitted to the 

Wards at Camp Fixston 



First Culture 
Recond Culture 
Third Culture 



days in 
hospital 



to 1 
3 to 10 
8 to 23 



APPROX- 
IMATE DAY" 
OF DISEASE 


NO. OP 
PATIENTS 
CULTURED 


1 to 8 

4 to 16 

12 to 26 


112 

86 
r)8 



NO. WITH 
HEMOLYTIC 
STREPTO- 
COCCI 



3 
11 
14 



PER CENT 
WITH HEMO- 
LYTIC 
STK WTO- 
COCCI 

2^67 

12.79 
24.14 



The first culture roi)roso!ita the findings on admission, in a scries of 112 
cases; 86 patients beinj? cultured twice; 58 patients three times. 

■ 

Of the 112 cas(*s examined on admission only 3, or 2.67 
per cent were foimd to carry hemolytic stn^ptococci. Those 
patients who were r(K*ultui'(Hl after from thn^e to ten days 
in the hospital show(Hl an incidence of 12.8 per cent. A 
third cnltun* includin<i^ patients from eight to twenty-three 
days in the hospital, showed an incidence of 24.1 per c(»nt. 

Hemolytic Streptococci in the Throats of Normal Men. — 
A total of 274 throat cultures from normal nuai on duty at 
Camp Funston (Tabh» LVI) shows that 21.9 per cent car- 
ried hemolytic streptococci at a time when tliere were f(*w 
upper respiratory infections in th(» camp. A small group 
of men resident in the hospital shows a slightly higher 
prevalence of hemolytic streptococci {29M per c(Mit). 

The figures in TabU^ LVI are in sliarj) contrast with 
those for measles patients on admission to tlie hospital. 
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Two onranizatiuiKs from wliieh normal men were chosen 
for examinat*u»n furni.<hed a considerable number of cases 
of measles and ofter data (Table LVIT, A and B) for fur- 
ther comparison. 

Table LVII 

A. Hemolytic STREfToc<x?ci with Measles in 164th Depot Brigade, 

Company 28. 



Fir.st (*ulturo 
Ro«-o]nI Culture 
Thinl Cultun' 
Xoniial nu'U of 

Co. 28 



DAYS IN* 
HOSPITAL 

to 1 

r> to 9 

10 to 21 



NO. OF 

PATIENTS 

rrLTIRED 



23 

23 
21 

50 



Xl'MBER WITH 

HEMOLY'TIC 

STREPTOCOCCI 





4* 

4 



13 



PER CENT WITH 

HIHtfOLYTIC 

STREPTOCOCCI 




17.4 
19.05 

26.00 



H. HkMOLYTIC STKKITOrOCCI WITH MUVSLES IX StTEXTIETII IXFAXTRY' 



First (/ulturo 


to 1 


ns 








Scroinl Culture 


'» to 9 


25 


1 


4.0 


Thinl Culture 


8 to 17 


12 


2 


16.7 


Normal nu'ii on dutv 










witli7()t!i Infantrv 




24 


4 


16.7 



*Two cases positive for hemolytic streptococci on this examination were negative on 
next examination. 
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No one of the 61 cases of measles from the two organ- 
izations Avas found to be positive on admission to the hos- 
pital. Yet among nonnal men in one of these organiza- 
tions the incidence of hemolytic streptococci was 26 per cent 
and in the other, 16.7 per cent. In both organizations the 
incidence among normal individuals compares closely Avith 
that of the patients after a period in the measles wards 
of the hospital. 

Discussion. — Three features of the data collected at 
Camp Funston are noteworthy. First, the small percent- 
age of S. hemolyticus carriers among tlie men admitted to 
the hospital with measles as compared with tlie percentage 
found in nonnal men in the camp. Second, the increase 
in the niunber of S. hemolyticus carriers among patients 
during their stay in tlie hospital, the increase continuing 
until it approaches that of the normal men on the outside. 
Third, the prevalence of hemolytic streptococci in normal 
throats. 

In comparing men arriving at the hospital acutely ill 
with measles with normal men in the organization from 
which thev came, onlv one variable can be found on which 
to base the diflferences observed in the two groups. This 
is the advent of the acute disease. The figures seem to sug- 
gest a temporary disappearance of hemolytic streptococci 
from the throats of patients acutely ill Avith measles, at 
least, to such an extent that the/ same cultural methods fail 
to identify the organisms. 

The increase in the S. hemolyticus carriers among pa- 
tients vnth measles after a period in the hospital might 
depend upon two factors: First, the exposure to contact 
infections in the hospital ward, depending on the length 
of time in the ward as well as on the character of the ward 
management; second, the passing of the acute stage of 
measles with a return of the liacterial flora of tlie throat to 
the condition existing before the onset of the acute disease. 
The first appears the more probable. The second has only 
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thf' support of the obson'ation that the streptococci were 
ahsr-nt from the tliroat durinfr tlie acute stage of measles 
or were inucli less f rcfjuently found in patients witli measles 
than in normal men and later their incidence approached 
that in nonnal individuals. The rather high incidence of 
hemolytic streptococci in nonnal men at Camp Funston may 
have been due to the very recent assembling of the 10th 
Division which now occupied the camp. It is probable that 
the housing of large nimibers of men in barracks is at- 
tended by the same contact dissemination of mouth organ- 
isms that occurs in hospital wards. 

Measles at Camp Pike. — All cases of measles coming into 
the base hospital at Camp Pike between September 15 and 
December 15, 1918, a total of 867 cases, are included in the 
rei)ort. Upon the arrival of the commission at Camp Pike 
early in September, a plan for the separation of cases car- 
rying hemolytic streptococci and those free from these or- 
ganisms was put into operation. The preliminary arrange- 
ments included the allotment of suitable wards for treat- 
iiKMit of the different classes of cases; a throat culture sur- 
vey of all patients with measles under treatment at the 
time; their separation in accordance with the results of 
bactcM'iologic examination, and the transfer of each group 
of ])atients to its designated ward. By September 15 these 
preliminary arrangements had been completed. Cases of 
measles admitted on this date and afterwards were held in 
an ()l)S(»rvation ward pending the report upon a throat cul- 
ture Ix^fore tliev were transferred to the treatment wards. 

Beginning Sei)teniber 15 the following system of hand- 
ling measles eases was maintained in the wards of the base 
li<)s])ital. 

All i)alients wei-e received in an observation ward where 
lliev remained unlil the results of a tliroat culture for hemo- 
lylie slrei)tococei could be reported back to the ward. 
Cases ie])oi*t(Hl jmsitive or negative were immediately trans- 
rernnl to their resp(H*live treatment wards. All patients in 
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the treatment wards were cultured at intervals of one week 
and cases found positive were transferred from the ** clean'' 
treatment wards to a treatment ward for cases carrying? 
hemolytic streptococci. The ward personnel attending pa- 
tients in the ** clean" treatment wards was examined by 
throat cultures from time to time with the purpose of elim- 
inating S. hemolyticus carriers. Patients segregated in the 
streptococcus wards remained there, if uncomplicated, 
throughout their hospital treatment even though subse- 
quent repeated throat cultures showed that the carrier con- 
dition had disappeared. Two wards were provided to care 
for the pneumonia following measles. One received only 
patients whose throat cultures were negative for hemolytic 
streptococci ; the other, those positive. It is essential that 
the throat culture on which this diflferentiation is made be 
taken as soon as the complication is reported and that 
transfer be made promptly on receipt of the report of the 
culture. To facilitate this transfer, cases of pneumonia 
complicating measles were reported to the laboratory as 
soon as diagnosed and cultures were taken at once. The 
case remained in the measles ward during twenty-four 
hours, isolated as well as possible, awaiting report of cul- 
ture before transfer. Within the positive* ward for measles 
pneumonias, distinction was made between streptococcus 
pneumonias and nonstreptococcus pneumonias harboring 
hemolytic streptococci in their throats. The two classes of 
cases were treated in separate sections of the ward. 

Ear complications were seen and treated ])y medical of- 
ficers from the otological sen^ice. These patients remained 
in the measles wards while in the acute stage of measles, 
but later were transferred to the service of otology when- 
ever further surgical treatment became necessary. 

Within the individual wards for treatment of measles 
and measles pneumonias, prc^cautions for minimizing the 
dangers of contact infections were carried out as well as 
possible. Throughout the study we had the hearty cooper- 
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ation of the base hospital authorities and earnest, well- 
directed effort to perfect ward managenient on the part of 
the ward surgeons and their staffs. Difficulties encoun- 
tered during the emergency created ))y the sudden explosion 
of tlie influenza epidemic, in spite of the best efforts of all, 
did much to disrupt the plan which had been instituted for 
tlie control and study of the complications of measles. 
Scarcely had wards been designated and all measles pa- 
tients on hand diff(»rentiallv allotted to them, when the in- 
fluenza epidemic appeared and quickly filled the hospital 
beyond its capacity. ^leasles wards were taken over for 
the care of influenza patients. 3^[easles patients, of which 
there were not a great number at the time, were necessarily 
crowded together, so that compartments of wards instead 
of separate wards had to be used in maintaining our sep- 
aration of the two groups of patients. A^^lile the base hos- 
pital Avas yet filled with patients with influenza and in- 
fluenza pneumonia, admission of patients with measles in- 
creased, so that one ward after another was reclaimed for 
the care of this disease. During this period the measles 
wards were at times overcrowded and the strictest ward 
technic coidd not be practic(»d. Again new wards were, 
on occasions, partly filled by admission and transfer before 
they were properly equipped to receive patients. This dis- 
organization was directly due to the necessity of treating 
a rapidly increasing number of measles patients before the 
hospital was cleared of patients with influenza and pnemno- 
nia. After this emergency, the system of ward management 
was rapidly I'cadjusted, and admissions were limited to the 
normal ca])aciti(»s of the wards. 

The cubich^ system was used in all wards. Bed patients 
were not rec(uired to wear masks, but the mask was strictly 
enforced upon all patients leaving the cubicle. All attend- 
ants were r(»quire(l to wear gowns, caps and masks while 
in the wards. An attempt was made to prevent the congre- 
gating of convalescents. Guards were posted at the latrine 
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doors to limit admission to the capacity of tlie latrine. Bor- 
rowing and lending of any materials between patients were 
strictly forbidden. Paper sputum cups were provided, 
kept clean and covered. In the measles pneumonia wards 
hand disinfectant solutions were provided for use by at- 
tendants when they passed from one patient to another. 
The ward floors were scrubbed at intervals with lysol in 
water. Dry sweeping of the wards in the morning is re- 
grettable. 

Ba^teriologic Methods U^ed in the Study. — The methods 
used for the identification of hemolytic streptococci here 
were essentially the same as those used at Camp Funston 
and described above, the one exception being the use of 
surface cultures on blood agar instead of the combined sur- 
face and deep culture. Blood agar plates containing 5 per 
cent defibrinated horse l)lood were poured and used while 
fresh. The throat swabs were carried to the laboratorv in 

• 

sterile test tubes. The plates were inoculated by touching 
the swab lightly to the surface of the agar plate at two 
places, one near either extremity of a given diameter of 
the plate. On touching the swab to the agar, the swab 
stick was rolled between the fingc^rs so as to turn it through 
one revolution and thereby bring all points of the circum- 
ference of the cotton swab in contact with the agar surface. 

The material thus inoculated on the plates was spread by 
means of a platinum wire slightly turned over at the end in 
** hockey stick" fashion. The wire was pass(»d back and 
forth several times over the point of inoculati(m and then 
nmltiple streaks and cross sti*(»aks were made over the agar 
surface. The initial contact of the wire with the ])oint of in- 
oculation was not repeated. The cross streaking serves to 
spread and distribute this material evenly ovca* tli(» surface. 
Well seeded plates by this multi])le streak method are th(» 
rule and the uniform distribution of well s(»])arat(Hl colonies 
over the surface makes it v(»ry easy to pick pure cultnr(^s, 
and renders plate reading easy. 
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Vt*r\' oarly in tlie course of our study of throat cultures 
ni l\^inp Pike, the irroat fre(|Uoncy of abundant groA\i:hs of 
Iv ivillnonr^T was ohserwd. Conso<|uently, the throat eul- 
nirts t.f all nit*as]fs patients examined from September 15 
lo t MnlnT JH were stu<lied for tlie identification of B. 
iiiilnt'i.za'. In all cases identification was based on the eul- 
liiml, >»<iininir and morpholopc characteristics. Tests for 
c^•^'^Mh on liemoirlobin free media were not made as a 

Relation of Measles and Pneumonia Following Measles 
to the Inflnensa Epidemic. — The influenza epidemic at 
l\-nii]^ rikr Mas rrroiruiztnl on September 23 ))ecause of an 
nlnrniini: inmasf of hi>si>ital admissions. It ran its brief 
^•«nirsi\ and im days later, October 3, the decline began. 
Tlie nrsi four days of October rank highest in admissions 
if ]vuirnis Mitli pneumonia following influenza. The onset 
of l\^ sivuutihI cases of measles occurred before Septem- 
Ivi lW an*l laier the number slowly increased reaching its 
luichl aK>m the middle of October: after this time a grad- 
n:^,^ dtvlint^ brcan, and continued during about three weeks 
1 ( ii^ro the i>rei ]^idemic level was reached. During this 
V« ^ i.^t? ( f six we«ks followinir St'ptember 25, 709 cases of 

Tart.f Lvni 

0\v?- .^^ M:\^.]s \\r> oK rNrvMONi.v F<^llowing Measles by Weeks 

! ^■o^: S!rT!>!rvK 11 TO December 11. 1918 
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Piioumonia following measles be^an to appear on Octo- 
ber 5, and witiiin the week folloMinj^ Ifi cas<'S ofourred. An 
equal number of eases ap]»eaie(l each week dnnns about 
three weeks and fewer scattered eases oeeiirred tlnouj^hont 
November and December. Taltle liVIlI shows date of onset 
of measles and measles pnoumouia cases. 

Chart 3 presents the occurrence of measles and of the 
pneumonia following measles by weeks of onset compared 
with that of epidemic influenza. 
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It will !)<» not<Ml from the overlai^piiifr of the two cnnres 
in Chart 3 that a considerable ]>ortion of the measles cases 
appcannl before the influenza had subsidcnl in Camp Pike. 
This occurrence of the two epidemics at the same time 
makes it iniimssihle to separate the parts pJayiHl by each 
disease in j^roducinir the pneumonias and other complica- 
tions followinsr measles. Analysis of the chart, however. 
shows that the i)neumonia with measles oeeu^Tcd in large 
part durinir the first half of the measles epidemic. This 
is of particular significance since it was <hirinir this period 
that the efr«»cts of the influenza wave were felt most se- 
verelv. 

« 

In Table LIX the cases of measles are groupcil into 
fifteen day periods according to th(»ir dates of onset and 
the pneumonias arisinc: from each firroup are tabulated. 
This tabulation shows very clearly that the pneumonia 
ciMuidieations developed in larc:e part in patients with 
measles entering: the hosi)ital during the influenza periml, 
\h:\{ is, hite in September and during the first half of 
(October. 

Table LIX 

r\TIKNT< AVITM MfaSI.ES AND WITH SUBSEt^rEXT PNEUMONIA 



'MTFS 



TOTA^ CASES or 

MFVST.FS Pl'RlNt; 

INTFSVAl-S or 

1.' PAYS 



TOTAL CASES OF 
PNEUMONIA 
FROM SAME 



PER CENT 

IXCIDEXCE 

OF PNEUMONIAS 



S.;t, II !0 :^'» 






14 1 



v42 



o 



V\! 



\ ro l' 



.»4 . 






16.28 ] 
8.07 [ " 



.4^r 



i\ ! 1»» !*' "U 



1 1 



\, 



»\ . 



I !o 1 



\..N ir» tv -i^ 



iM 






8 



o 



IV-.- 



\ !o 1.' 



4.U 



>u 



!.96 I 

2.2 \ 3.2CV 



.15 



riie liii;li itu'id*rire v>t* jMirumonia amonir measles patients 
co»ni!«^ iiilo tl»e Ihwpitnl jnior to, Avith, or inuuediately fol- 
lowing tlie lieiuhl ot" x\w inthieiiza ipidemic is very strikins:. 
It so happens iliat luilt* oi the total number of measles cases 
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considered, date their onsets prior to October 15. From the 
433 cases included in this first half, 42 cases of pneumonia 
arose, Avhile from the 434 cases arising during the two 
months following October 15, only 14 or one-third as many 
cases of pneumonia developed. These figures very strongly 
suggest that influenza i)layed a large part in the production 
of the pneumonia with measles in this group of cases. 

Again the 9.7 per cent incidence of pneumonia in the first 
half of cases considered, approaches the 12 per cent inci- 
dence of pneumonia following influenza observed in the epi- 
demic at Camp Pike, while the incidence of 3.2 per cent in 
the second half of the cases conforms more nearly to figures 
for pneumonia following measles in the army prior to the 
pandemic of influenza. 

It has been sIioaxti that the prevalence of B. influenza^ at 
Camp Pike increased with the passing of the wave of in- 
fluenza (p. 40) and that this incrc^ase applied to the 
measles admissions. For a time the separation of measles 
patients carrj'ing B. influenzjv as identified by throat cul- 
ture on admission, from those free from it, was practiced. 
All cases were then followed up by weekly throat cultures, 
and cases in negative wards on bc^ng identified as positives 
were transferred. 

This practice was discontinued as impractical when it 
became apparent that about 80 per cent of patients with 
measles would be found positive for B. influenza* when re- 
peated throat cultures were made during thc^r hospital 
treatment. The dissemination of B. influenza* thrcmgh the 
wards from which Ave were attempting to (exclude it took 
place much faster than we could follow its spread by cul- 
tural methods. "When this became evident, the practice 
of separating the two groups of patients with reference to 
B. influenza* was discontinucui and the gn^at inconvenience 
of repeated transfer of patients was largely eliminated. 

Table LX gives the findings in 426 cases of measl(*s 
cultured for B. influenza* during the period wli(»n the i)rac- 
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tice of separating inoasles patients carn'ing B. influenzae 
from those not carrying the organisms was followed. 

On admission 35.6 per cent of the patients were foimd 
positive for B. influenza*. Repeated throat cultures were 
not confined to those appearing negative on this initial cul- 
ture, but were made on all patients without regard to their 
being previously positive or negative. By a summation 
of the results of the weekly cultures of all patients, the per- 
centage of patients carrying B. influenza? rises from 35.6 
per cent on admission, to 62.7 per cent after one week; 
to 77.7 per cent after two weeks; to 84 per cent after three 
weeks in the hospital. 

To gain some idea of the rate of spread of B. influenza^ 
in wards receiving only patients whose throat cultures were 
negative for B. influenza^ on admission, a similar summa- 
tion of the results of repeated throat cultures on patients 
in negative wards shows weekly increases from 47.5 per 
cent after one we(»k, to 68.1 per cent after two weeks; to 
79 per cent at the end of three weeks. 

These results demonstrate quite clearly that the measles 
wards were saturated with B. influenza^ during the j)eriod 
of the influenza epidemic. Conditions within the meash^s 
wards with regard to B. influenza* were not at all dif- 
ferent from those in the camp comnmnity during this pe- 
riod. AMiile no clinical methods could ))e relied upon to 
diagnose influenza in the presence of an acute attack of 
measles, there is every reason to b(»liev(* that the occurrc^nce 
of clinical influenza with measles was no less fi-equent than 
was its incidence in the camp at large, that is, about 20 to 
25 per cent. That influenza played a large part in deter- 
mining predisposition to the complications of measles in 
this series seems evident. 

Hemolytic Streptococci with Measles at Camp Pike 

Between September 15 and December 15, 1918, 867 cases 
of measles, admitted to the wards of the base hospital, were 



-'+»' ?yi "1.^ !r-i> jjy: ivjitTi- >> - ? respiratory tract 

>•-:':•: * -1 .^v.-/.— : .^tr. "'L::,: :•• the svstem outlined 
/•'■•- A • c • - : ' Lr. : :■:-<-- ^'as^s ap{H^ared iluring the 
"^''-t ■■ :■: : -l-t >-:.:-. F^ir::.:; this month hemolytic 
>•"--- •".'•• ■ .A •: i -ry :-:>:-rLin*-mt nMe. This micro- 
"•u:/: > •. '. V • /.v»-:iT Ti--:i. alamilriir prevalence until 
.^■'vr *::- ~ .*r*> .i : i* ■ 'l-^r^'r.^rhly iivererowihnl. After 
"rlv- - •: re- ■ ■• . "•. ■ ' '• "t" ' ". :ir'l •■^•rjliti»^us were provided, 
< * . ■ - -:^ L^-- -r^ - ^::.:1r^l z»^ develop in the wards 
^.,: ., ,,, .... ... .,: .^ , ■>— i:^.d. Th^^ first S. hemolyti- 
cs .'L<-- rs " ■. • ^^ V •• :!i-; ''kair«is w^-n* identified on Oc- 
•; ." . r ^. T - "^'•'-T r/s. :' <:•»■ ot'^^KViis pneumonia de- 

■•'- .' • - *~ ■ " ■". ^-'•vT^ri^^'i^^i-us otitis as a com- 

:^-" > v.-i " : Veil:: uiitil a little later. Dur- 

j.".— — • . - :.;> . :' *• .. <:u*ly. S. hemolyticus be- 

....,,.. .. .: , v.*»-t-^<^ "Yz^' <trept«H'i><vus compli- 

- • > • >. - :i: <*^:v.«- time durinsr these two 



• • • . • *« I 



^ I . ^ 



V-.v \ l.XI ^ ■ '\ >^ -■ , • :- 'vr '^t cidmissions to the measles 
r\:.:"i'< * \ u . :v< :?: ■ •:' ■ 'ar::« r::> a.t!i« n;r them found to be 
•J' -; ,: ' • - ,,' ^--' • - .-iHr". l^ :iI>o shows the num- 
*•*:*>." "' - . > •:;*•■■ "s •!' v^ I- .pir,:; eaeh week anions: 
........ ^ • ■•: ■ *-',: • - •■ :■ r "%*loa?r* wanls, as identi- 

* ••! *^ • "•••o ' • :' •- < -• '..:••: at vv»kly intervals. For 
!•.•',.<> * " ■■:!" , • • * :r!:ivr of leases developinsr 

>• •. .;•.••■> •• ■...-; ;..; •^i:i< itifilui with its subse- 

••.:<' ; ^ : ;; • * '\^r . ^rh v\ tH^fc diirinsT the period 



« I ^* k 1 ■ » 



V" :*. :• ■ << ' . '■• ^is' -^ WLinl rati i:»'Tierallv be re- 

-•■'^-•^ :■- ::* :""'. ■..■-. ' *" ^-^N s. There are a few ex- 
'••■■'"'*'> *: ■ ' - -■.■ a:-: :!'■;>•;' an-* oases of measles 

'*•■-■ '"^ ■'■ '■- .■. '<< •■ • .^'-.T-'x a-i.is tn.iustVrn.ll to the base 

■ '^•"■--^* A '.*;■' '> >'a'" •":T:.iI»,,'r o( siieh eases fur- 

*■ ^:'"^'^ ■■•• ■.^" '^ ^ *• -■•■'.•■ •'-■r lu-nirUytie streptoeocei 

■ '• a. ■"■ >>'.'•■ ' • ' .- ■■• a^'- < V apt. 

\.. ;,,;....,^ ,. .. ■ :;^". ^ \\v.:A do^^<> not indicate ad- 

•v'N>'..'" •■» \'.-^: -'-^si^'^a', ''. vans-' a •.'onsiderable number of 
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•-•r-r:.:'-yy.<i--.'. :-i-y -•^ja :.:.... •, Vh- :ijr]->5-^i ii :?lr::rvs t»> show the 
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1. liivi-i^'^ij of ^-a>*'* &•-■-- -niiiii: lo day? in the hospital 
f/'-for'r Jir>* ^-uhur- -aa-r taken: 

Iia>> ill IIi»?r]«:tal Xo. of cases 

0-1 (adrlJi^^i••Ij!| 15 1 2 not acute) 

2 7 10 

More than 7 12 

2. (^'la>sifir-atioii a^-r-onlinsr to stas:** of the disease: 

Duriii'jr acute sta^re 21 cases 

After ar-iite >tatr»' 16 eases 

The first rlassifieation shows only 13 cases positive 
wUi'U f'ultun'd on admission to th<' hospital and also durinir 
til*' aeiit*' staire of the dis<*ase: the incidence of S. heniolyti- 
r'lis in i>ati<'nts on admission is v<*ry low (1.76 per cent). 

T\\o. Hi'iutUi] elassifu'ation sliows a slightly hijurher in- 
ciihMiee for ('as<»s durin<^ tlie acute stage of the disease, re- 
L':ar(ness of whether thov were admitted to the measles ser- 
virc from canif) f)r from anotlier service of the hospital 
(2.4 per cent). Th<»s(» findings conform with those at Fort 
Ifih'V in a smaller series of cases and support the opinion 
that the hemolytic sli-e|)toeoeei temporarily disappear from 
the fhroaf ^luring the aeut(» onset of measles. Unfortu- 
nately controls among normal iiien in Camp Pike were not 
tMken at intervals througliout th(» period of three month? 
represented l)v this stnd\' of measles, but all controls taken 
siiow a higher ineidcMiec* than that found among measles 
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patients on admissions over a period of time comparable to 
that of the control series. 

The gradual increase in tlie percentage of patients de- 
veloping hemolytic streptococci in their throats in wards 
receiving only streptococcus free cases demonstrates that 
the admission culture and the subsequent weekly cultures, 
with the s(»paration of all patients indentified as carriers, 
did not suffice to control the si)read of streptococcus in this 
group of cases. It is interesting to note that the greatest 
incidence* of streptococcus carriers among these patients 
occurred three w(*eks after tli(^ height of the measles epi- 
demic, M'hen it became about four timers that observed at 
the height of the measles epidemic. 

AVlien we consider the time relations of the strepto- 
coccus complications, it is notcMorthy that they begin to 
appear somcAvhat after the app(*arance of streptococcus 
carriers and then increase parallel Avith the increase in the 
numl)ers of carriers. The relative number of complications 
developing among the first carriers which were identified is 
less than that among the carriers appearing later. This 
suggests an increase in virulence of hemolytic streptococci 
attending their wider dissemination. 

Tables LXII and LXTTT are introduced for the purpose of 
showing to what extent duration of stay in the hospital 
increases the individual's chances of acquiring hemolytic 
streptococci. Table LXII includes all cases admitted to and 
treated in the meash^s wards. On repeated cultures, prev- 
ious positives and negatives were cultured alike and the 
total positives reported for each week. 

Table LXITI includes onlv those cases treated in the 
**clean" wards and known to be negative on previous cul- 
ture. 

A comparison of Tables TjXTT and LXITT gives some indi- 
cation of what might have been expected if the carriers had 
not been removed from the treatment wards at weeklv in- 
ters^als. AVith the carriers removed from th(» ** clean" 
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PEE CKXT POSITIVE 
FOK HEIIOLTTIC 


VEKIOU IX 
KAHLEti WAKD 


XO. POsmvE 

FXMt HElfOLTTIC 
STREPTOCOCCI 


1 WW'k 
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casc's and sc^rc^atcM] in a separate Avard so as to be re- 
moved (*fT(»etiv(»ly as sources of spread of the S. hemolyti- 
rns inlVction to clean cases, the percentage incidence with 
all cas(»s consi<lered rose to a point nearly twice as high 
as thai ev(»r reaelied in Uw wards Avhere clean cases alone 
were allowed lo r(»inain. Had these carri(»rs not been sep- 
arates!, and i'(Mnain(»(l in contact Avith cases free from hemo- 
lylic sln»plococci, lliey would liave served as just so many 
more sources of infection, and an incidence of at least twice 



SECONDARY INFECTION IN WARD TREATMENT OF MEASLES 303 

that recorded for all eases combined, or four times that 
of the treatment wards, might have been expected. These 
results indicate that the weekly separation of carriers from 
clean cases did, to a considerable extent, lower the indi- 
vidual's danger of acquiring S. hemolyticus infection 
while in the hospital. 

Complications of Measles 

In Tal)le LXIV the complications developing in the mea- 
sles patients under observation at Camp Pike are tabulated. 
In the division of the complications developing in ** carri- 
ers" and **noncarriers" of the hemolytic streptococci, ref- 
erence is made onlv to the records of the throat cultures. 
The division is therefore not dependent u])on the bacteriol- 
ogy of the complications. For example, only 9 of the 12 cases 
of pneumonia developing in ** carriers" wore streptococcus 
pneumonias. On the other hand, the cases of mastoiditis 
following otitis media were almost invariably due to hemo- 
lytic streptococci. Of the 10 otitis cases occurring in **non- 
carriers," 4 developed mastoiditis and 3 of these showed 
hemolytic streptococci on culture from the mastoid cells 
at operation. Missed cases of identification of S. hemo- 
lyticus by throat culture in cases which develop S. hemo- 
lyticus complications may arise from a number of causes. 
It is desired here onlv to direct attention to these dis- 
crepancies. 

Pneumonia Following Measles. — Fifty-six cases of ])neu- 
monia following mcmsles occurred during the period of ob- 
servation in this group of 807 cases of nn^asles. Of these, 
9 were streptococcus pneumonias. This gives an incidence 
for streptococcus pnc^umonias of 1.04 j)er cent, while that 
for all the pncnimonia is 6.4 per (M^nt. There were 8 cases 
of lobar and 48 cases of bronchopneumonia. Seventeen 
fatal cases occurred giving a mortality rate of 30.4 per cent 
for the group. Five of these fatal cases occurred among 
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Tlio relation of those pneuinonias following measles, to 
tlie influenza epidemic has been discussed. The time rela- 
tions between the onsets of measles and that of the sub- 
sequent pneumonia vary widely. There appears to be 
nothing constant in the length of time between the onset 
of measles and that of the pneumonia. In 30 of the cases 
this period is less than ten days ; in the remaining 2G cases, 
it ranges from ten to thirty-two days (Chart 4). 

In the ward treatment of these cases of pneumonia, they 
were divided into three groups according to their clinical 
characters and according to the results of throat and 
sputum cultures. 

(a) Streptococcus pneumonias 9 cases 

(h) Pneumonia with hemolytic streptococci in 

the throat without symptoms referable to 

the streptococcus 13 cases 

(c) Pneumococcus j)neumonias not carrying 

hemolytic streptococci 34 cases 

The streptococcus-free cases were treated in a separate 
ward. Cases were admitt(»d to this ward directlv from the 
** clean" measles wards, but only after a throat culture 
tak(»n prior to their transfer had been negative for the 
hemolytic streptococcus. 

The other two groups were treated together in another 
ward, but in strictly separate compartments of it. This 
precaution was carried out on the assumption that patients 
with an acute streptococcus pneumonia wen* real sources 
of danger in the ward l)ecause of a heightened virulence of 
the organism causing the grave symptoms. The pneumo- 
nias subsequently d(»veloping hemolytic streptococci in 
their throats, without their presence modifying the course 
of the pneumonia, came to be n^garded as being in the same 
class with uncomj)licat<nl cas(»s of measles carrying hemo- 
lytic streptococci, in so far as their being i)otential sourc(»s 
of danger in a ward is concerned. 
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(a) Streptococcus Pneumonias. — Nine cases of strepto- 
coccus pneumonia developed. Of the 867 cases of measles 
studied, 242 showed throat cultures positive for the hemo- 
lytic streptococci at some period of their stay in the hos- 
pital. It appears then that 3.7 per cent of tho patients 
carrying hemolytic streptococci in tlieir throats developed 
streptococcus pneumonia. Thirty-seven cases had positive 
throat cultures when first observed on admission to the 
measles wards. It is significant to note that not a single 
case of pneumonia of any kind developed among these 
cases. 

MEASLES PNEI'MONIA; STREPTOCOCCUS GROUP 

Case 98, O. McN. Onset of measles, Sep. 19; admitted to liospitiil Sep. 21; 
onset of bronehojmeumonia, Oct. 21; of empyem.n, Get. 23- Recovered from 
pneumonia; convalescent in empyema ward. 

Boieieriology. — 1. Throat culture for: {o) S. liem.: Sep. 21, -; 28, -; Oct. 
9, -; 20, -; 23, H-; Nov. 2, -; 9, -; 15, -; (6) B. influenzie: Sep. 21, +; 28, -; 
Oct. 9, +. 2. Pleural fluid (culture) 8. hem. Oct. 23, +. 

Case 141, J. G. G. Autopsy No. 43S. Onset of measles, Sep. 28; admitted 
to hospital, Oct. 1; onset of bronchopneumonia, Oct. 6; of otitis media (bilat- 
eral), Oct. 12; died, Oct. 18. 

Bacteriology. — 1. Throat culture for: (a) S. hem., Oct. 2, -; 6, -; 8, -; 
(ft) B. influenza>, Oct. 2, -; 6, +; 8, +. 2. Autopsy cultures: Heart blood, neg- 
ative; left lung:, Pneumococcus II atypical, B. influenzae and S. viridans; right 
lung, S. hem. and B. intluenzap; right bronchus, S. liem. and B. influenza*. 

Case 147, 8. "VV. Autopsy No. 442. Onset of measles, Oct. 1; admitted to 
hospital, Oct. 2; onset of bronchopneumonia, Oct. 17, with chill and rapid 
development; died, Oct. 18. 

Bacteriology. — 1. Throat culture for: (a) S. hem., Oct 2, -; 9, -; 15, -; 
18, +; (6) B. influenza?, Oct. 2, -; 9, -; 15, -; 18,-. 2. Autopsy cultures: 
Ileart blood, S. hem.; right main bronchus, S. hem. and B. influenza^. 

Case 281, T. M. Onset of measles, Oct. 6; admitted to hospital Oct. 9; on- 
set of bronchopneumonia, Oct. 21 ; of empyema, Oct. 23; recovered from pneu- 
monia ; convalescent in empyema ward. 

Bacteriology. — 1. Throat culture for: (a) S. hem., Oct. 10, -; 20, -; 24, +; 
Nov. 2, -I-; 9, +; 15, +; (ft) B. influenza*, Oct. 10, -; 20, +. 2. Culture from 
pleural fluid, Oct. 23, S. hem. 

Case 285, J. H. Onset of measles, Oct. 4; admitted to hospital, Oct 9; 
onset of lobar pneumonia,' Oct. 29 ; of empyema, Nov. 9 ; convalescent in em- 
pyema ward. 

Bacteriology. — 1. Throat cultures for: (a) S. hem., Oct. 11, -; 20, -; 24, 
-f-j 29, -; Nov. 2, -; 9, -; (ft) B. influenza*, Oct. 11, -. 2. Cultures from pleu- 
ral fluid, Nov. 9 and 13, S. hem. 
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•\^A ':•. W. H. C^T-'VT of mt-asle*. Ot 26: ailmithMl to hospital, Oct. 28; 

T -s T:-*-j?. N T. %; .-rstt .f l'n-»nrhopiitumoiiia, Xot. 9; of empyema, Nov. 

5 ■- . -*. — :. Tirtcsit t:.h;iTvs for: S. hem., Oet. 28, -; Xov. 4, -; 12, +; 

. " . -. rv^-. ", -; :i, -. 2. sputum: Xov. 10, Pnoomoooeeus II atypical, 

'> 'S* *' . %V >. A:.r r-sT X"-^. 4.»1. (>n*^t of moaslcj*, Oct. 26; admittcnl to 
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r- V : \v v:u/ :» r' \I ir. tho hospital before the develop- 
• . : .- ;! r >VAi:.v,svus pnoumoiua is about two weeks. 
v.. N.N ^N ;;:.v; Cn"^ ^^ on :v; tlio hospital thirty and twenty 
vi,:NN ! >.v;v* \.!\ Iv^'v^ro :l:o onset of pneumonia. There 
V .^ »xvv-v: ,>; .r\^": or,o to four neirative tliroat cultures 
V" o.,. V ..ix.- :^^^\>'v s:roptiVivvus was found in the 
: ^ ,;! r >^ . nl \> ::> ^^ n\ the onset of tlie pneumonia 
w ;■ !\:\'!v*:vO N^ :: o nr^i araiiro of tlie streptococcus in 






v\;no Ml N\;r .i^ :vlv^ :t> as n nrosontinsr a class in which 
s : v'-;.^.\ Vv'.:>i \\:.s ::!\:r::v\i upon a pneumococcus pneu- 
v^vv,; xi'x:!:i; its voiir^o. \n tills instance two throat cul- 
{inv's v-t ;i;'« v";.!o »ui\s cv.Tt r tlio oiisot of the pneumonia 
wou' rv.;a:;\x' '.or ! ov.vvvtiv* stroptivocci. Unfortunately 



SECONDARY INFECTION IN WARD TREATMENT OF MEASLES 309 

tlio last record of a throat culture is for one taken ten davs 

« 

before the fatal termination of the case, and it can only 
be stated that the S. hemolyticus infection was implanted 
within the last ten days of the course of the pneumonia, 
perhaps on qr about October 12 when bilateral otitis media 
developed. 

In Cases 285 and 730 hemolytic streptococci were found 
in the throats five and six days respectively before the onset 
of pneumonia. They represent the 2 cases of pneumonia 
which developed in patients isolated in the streptococcus 
* Carrier" ward. Case 285 is of particular interest for 
several reasons. It is the only case of lobar pneumonia 
in the fj:roup and happens also to be the only case from 
which B. influenzae was not obtained. S. hemolvticus was 
found only once on throat culture, i. c, five days before the 
onset of tlie pneumonia. Three throat cultures after the 
onset of the pneumonia were neo:ative. The case ran the 
course of a lobar pneumonia. Eleven days after the onset 
(Xovember 9) a small amount of pleural fluid was diap:- 
nosed. Aspirated fluid on this date and ajjjain four days 
later showed many strei)tococci in smears and pure cultures 
of S. hemolvticus. 

The remaininj]^ 6 cases belon«: to a p:roup in which hemo- 
lytic streptococci were first identified in the throats after the 
cases had been reported to the laboratory as pneumonia sus- 
pects to l)e examined by culture before transfer from the 
measles ward. In all these cases the culture taken at this 
time was positive while all cultures tak(»n before were* nega- 
tive. In some cases, e. ff.y Cases 98, 147, and 281, throat 
cultures taken onlv one or tAvo davs before the onset of the 
pneumonia Avere negative. In these cases the onset of the 
pneumonia and the apy^earance of the streptococcus in the 
throats appear to be simultaneous. 

It should be noted that the period betwcfni the aj)y)oarance 
of the hemolytic streptococci in the throat and the d(»velop- 
ment of the pneumonia is very short in all cases. In this 
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111 3 fatal cases of pneiniiococcus piiouiiioiiia in which dur- 
ing life no heiiiolytic streptococci were found by throat cul- 
ture, a few hemolytic streptococci were found at autopsy 
in culture from the main bronchi, along with predominating 
growths of pneumococci and B. influenza^. In 2 instances 
there was frank lobar pn(»umonia and in the third broncho- 
pneumonia; there was no evidence to show that hemolytic 
streptococci had any relation to the pneumonia which was 
found. 

MEASLES PNEUMONIAS; GROIP CARRYING HEMOLYTIC STKEITOCOCCI 

Case 705. Onset of measles, Oct. 2,1; admitted to hospital, Oct. 27; onset 
of bronchopneumonia, Nov. 10; acut<» pleurisy, Xov. 1(5; convalescent in pneu- 
monia ward. 

Bacteriology. — 1. Throat cultures for: S. hem., Oct. 27, -; Nov. 4, -; 11, 
+ ; 15, +; 23, -; .30, -; Dec. 7, -; 12, -. 2. Sputum: Nov. 10, Pneumococcus II 
atypical, S. hem. and B. inHuenzap. 

Case 872. Autopsy No. 50S. Onset of measles, Nov. 29; admitted to hos- 
pital, Nov. 30; onset of lobar pneumonia, Dec. 10; died, Dec. 1-4. 

Bacteriology. — 1. Throat cultures for: S. hem., Nov. 30, -; Dec. 5, -I-; 
10, +; 12, +; 14, ■^. 2. Autopsy culture: Heart blood, Pneumococcus II atyp- 
ical; right main bronchus, Pneumococcus II atypical, B. influenza*, S. hem, (a 
few); left lung, Pneumococcus II aty[>ical; left pleura, Pneumococcus II 
atypical. 

Case 188. Onset of measles, Oct. 3; admitted to hospital, Oct. 4; onset of 
bronchopneumonia, Oct. 14; recovered and discharged from hospital, Nov. 24. 

Bacteriology. — 1. Throat cultures for: (a) S. hem., Oct. 5, -; 8, +; 12, +; 
19, -I-; 20, +; 27, -; Nov. 2, -; 9, ^ ; 15, -; (b) B. influenzae, Oct. 5, -; 8, -; 
12, -f ; 19, +. 

Case 678. Onset of measles, Oct. 23; admitted to hospital, Oct. 25; onset 
of bronchopneumonia, Nov. 2; of otitis media, Nov. 9; of nmstoiditis, Nov. 
13; mastoid operation, Nov. 20; still under treatment. 

Bacteriology, — 1. Throat cultures for: S. hem., Oct. 25, -; Nov. 4, -; 5, -; 
12, -I-. 2. Sputum: Nov. 3, Pneumococcus Tyi)e IV, and B. influenza?. 3. Cul- 
ture from mastoid bone at operation, Nov. 20, S. hem. 

Case 389. Admitted to hosjiital, Oct. 2, with diagnosis of influenza; onset 
of bronchopneumonia, Oct. 7; onset of measles, Oct. 13; phlebitis (right leg). 
Get. 22; otitis media, Oct. 31; recovered. 
Bacteriology. — 1. Throat cultures for: (a) S. hem., Oct. KJ -; 20, -; 27, f ; 

Xov. 2, +; 9, +; 15, -; 2.3, -; 30, -; Dec. 7, -; 12, -; (b) B. influenza', Oct. 
16,-. 

Case 725. Onset of measles, Oct. 18; one week in measles barracks; ad- 
mitted to hospital, Oct. 27; onset of lobar pneumonia, Oct. 23; otitis media, 
Nov. 7; mastoid operation, Nov. 20; still u.nder treatment. 
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the mastoid bone. Hemolytic streptococci were found in 
22 of tliese cases. Tliroat cultures were in accord with 
these positive findings in all except a few instances. The 
throat culture serves as a fairlv reliable index of the bac- 
terial nature of these complications. By combining our 
records of throat cultures with the results of the cultures 
from the lesions, hemolytic streptococci were ol)tained from 
37 of the 48 cases of otitis media. In 23 cases of mastoditis 
following the otitis media, hemolytic streptococci were dem- 
onstrated in all except 2. It is evident tliat the great ma- 
jority of these complications were due to hemolytic strep- 
tococci. 

The relation between the appearance of hemolytic strep- 
tococci in the throat and the onset of tlie otitis is recorded 
in all except 4 of the 31 instances of otitis media occurring 
in patients with throat cultures positive for hemolytic 
streptococci. These four patients had positive throat cul- 
tures when first observed and represent the only patients 
who carried hemolytic streptococci when admitted to 
measles wards and developed complications. 

The first of these patients had been under treatment in 
an otologic ward during a month l)efore measles d(»veloped. 
Measles caused a recurrence of disease of the ear with 
double mastoiditis requiring bilateral operation. Two 
other patients had be(»n in the hospital ten and eleven days 
respectively before they were admitt(»d to the meash^s 
ward: on admission to the ward otitis media was y)r(»sent 
in one patient and in the other it develoyx^d six days later. 
The fourtli patient was admitted to the measl(»s wards di- 
rectly from the camp, and culture from th(» throat on the 
day of admission showed the presence of S. hemolyticus. 
Two weeks later at the tim(» of onset of otitis media, culture 
from the throat contain(Ml no hemolytic streptococci. !?(»- 
peated cultures during the n(»xt three weeks w(»re negative. 
Xo complications of otitis media d(»vel()])(»d and no direct 
cultures from the ear iwc recorded. 
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In this series of cases (Chart 5) the appearance of S. 
hemolvticus in the throat and the onset of otitis media arc 
very closely associated in those patients in wlioni further 
extensions of the streptococcus infection occurred. In in- 
stances in which appearance of streptococci and of otitis 
media are separated by an interval of more than seven days, 
no further extension occurred. In 8 cases in which this in- 
terval is seven davs or less there has been no further ex- 
tension of the infection. 

The Dissemination of Hemolytic Streptococci in Wards 

Beginning October 24 cultures for the identification of 
carriers of hemolytic streptococci were made from all pa- 
tients in a ward and repeated at intervals of one week. 
Prior to this time individual patients had been examined at 
intervals of one week, so that an entire ward was never 
studied on anv particular dav. This svstem did not iden- 
tify and remove all "carriers" in a ward at a given time 
and was al)and()ned because it failed to show the conditions 
present. Investigation of wards as units proved much 
more satisfactorv. 

The studies made in four of the double wards used for 
the care of patients with measles are presented in Table 
LXV. During the time of this study hemolytic streptococci 
were more prevalent than at an earlier period. 

Cultures from the throats of all patients entering tliese 
wards were negative for S. hemolyticus (m admission. The 
table showing the incidence of "carriers" of hemolytic 
streptococci each we(»k in tliese wards dc^monstrates : 

1. The separation of "carriers" and "noncarriers" by 
throat culture made on admission does not prevent tlu^ in- 
crease of streptococcus "carriers" in wards. 

2. Removal of all "carriers" found by cultures on ad- 
mission and at weekly intervals is inadequate. 
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Table LXV — (Coxcluded^ 
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10-31 


17 


11-7 


8 


11-12 


6 



;> 
3 
1 




I — 





Stroptoooccns 




pneumonia : 


16.2 


10-17 1 caso 


18..") 


10-21 1 cnno 


33.3 


10-29 1 ea.s*^ 


14.3 


Otitis niodin : 
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pnoiimonia : 
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11.7 


Otitis mcdin : 


12.5 
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The 3 casos of strop- 
toooi'cus pneumonia 
acquired S. hemoly- 
tii'us infivtion while 
patients in the 16 
IhmI south section 
of this ward 

Case developing 10- 

29 was removed 

from section a few 

davs before onset 

of pneumonia 

Wards .'>9 and 60 
served by same 
ward staff. 

Ward staff cultured: 
11-.") positive 
11-12 1 positive 
11-19 positive 



AVIieii tho stroptocoecus coinplieations arc* tra(*(Ml back to 
the wards in wliich the stroptoeoccus infoction of i\w throat 
was aequirod, it is found that with tho excoption of (^as(» 
141 (already cited) all the streptococcus ]nieunionias aros(» 
from two double wards. AVards 41 and 42 furnishcKl 4 
cases at times when streptococcus was rain])ant in them and 
3 of these cases aros(» within a p(»ri()d of a f(nv days. 
Wards 59 and 60 furnished 4 cases, very clos(»ly associated. 
In 3 cases the streptococcus inflection was ac([uir(Hl in a 
section of AVard 59 containing Ifi beds. These pati(»nts 
were in beds, of which the positions are represented by num- 
bers 2, 5, and 7, alon^ one side of the waixl. The fourth 
instance of pneumonia appeared at the sam(» time in Ward 
60, which was attended l)y the same ward ])ers()nn(»l, Imt 
no other connection can l)e (established l)(»tw(»(»n this cas(» 
and the other three. 

The otitis media appeared in pati(»nts scatt(»red through- 
out tbose wards for measles in which the wec^kly incidc^nce 
of ''carriers'' was risin^r rapidly. This relation is illus- 
trated by AVards 58, 50, and 41. The same* observation ap- 
plies to streptococcus pneumonia arisin.ir in AVards 41 and 
42. In AA'ard 41 the we(»kly percenta*re of carriers ar(» 
October 28, 8.9, Xovember 4, 26.5 and Xovembc^r 11, 66.6. 
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18 PNEUMONIAS AND INFECTIONS OF RESPIRATORY TRACT 



On November 9 and 10 the first 2 cases of streptococcus 
pneumonia arising from this ward developed. At the same 
time, November 10, a third case appeared in another part 
of this same ward unit (Ward 42) where the spread of 
hemolytic streptococci had been very active. These ob- 
servations suggest that hemolytic streptococci may build 
up its virulence as the result of rapid dissemination to 
such a degree that it is capable of causing grave compli- 
cations. 

The relation of complications to '* carriers" in AVards 
59 and 60 is different from that in the wards just cited. 
Wards 59 and 60 were opened on October 9 and before Oc- 
tober 17; when the first case of fulminating streptococcus 
pneumonia occurred, only three '* carriers'' had been found 
in them. From Octol)er 17 to 24 when the record in Table 
LXV begins eight ^* carriers" were removed. The appear- 
ance of a case of severe streptococcus pneumonia in an 
unusually clean ward was followed by the rapid develop- 
ment of "carriers," and the appearance within twelve daj^s 
of 3 other cases of streptococcus pneumonia, 2 of which 
were in beds close to the first case. This sequence suggests 
focal dissemination of a streptococcus from a case in which 
it had suddenly assumed high virulence. 

An outbreak of infection with S. hemolyticus was recog- 
nized on November 12 in a measles-pneumonia ward wliich 
had been opened for several weeks and had continued free 
from streptococcus. In three patients hemolytic strepto- 
cocci were found bv throat cultures. Inquirv revealed that 
a nurse in this ward, recognized as a streptococcus ** car- 
rier" the week before, had been retained on dutv. Two 
patients well advanced in the course of their pneumonias, 
had acquired S. hemolyticus demonstrated by throat ex- 
amination. Both patients developed otitis media with mas- 
toid extension requiring operations. Cultures from both 
at operation showed hemolytic streptococci. 
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The third patient, with acute pneumonia, had been sent 
into the ward on November 11 from Ward 42, whicli at the 
time was a highly infected ward; no culture of the throat 
was made before transfer. This patient developed strepto- 
coccus pneumonia with empyema requiring subsequent op- 
eration. 

Discussion. — At Camp P^mston, where the prevalence of 
S. hemolyticus in the measles wards did not rise above that 
among normal men in the camp at large, 112 consecutive 
cases of measles were treated without a single complication 
due to hemolytic streptococci. 

At Camp Pike, the investigation began at the onset of 
a small epidemic of measles at a time when hemolytic strep- 
tococci were an almost neglible factor. The epidemic of 
measles was followed throughout its course; and, with the 
passing of the epidemic, there was an increase in the prev- 
alence of hemolytic streptococci which assumed alarming 
importance in the production of complications. 

The epidemic of measles was in part superimposed upon 
the epidemic of influenza, so that deductions concerning 
complications strictly due to measles became impossible. 
It is evident that influenza played a considerable part in 
producing the complications of measles at Camp Pike. 

Tlie dissemination of hemolytic streptococci through 
measles wards was controlled only in part by the methods 
used. This partial control may have served to limit the 
incidence of streptococcus pneumonia, nine instances oc- 
curring among 867 cases of measles. 

In the ward treatment of meash^s effort should be di- 
rected to prevent the exposure of patients free from hemo- 
lytic streptococci to S. hemolyticus ^^carriers." "By this 
means the rate of development of S. hemolyticus ' Car- 
riers ^' mav be reduced. 

Measures which should be adopted are as follows: 

1. Adequate wards shoidd be prepared in advance for 
the treatment of measles. The rather gradual onset of 
epidemics of measles makes this provision possible. 
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*:V'^ •;ir::-^ rAar^fj-r. I* L- •i-»»irdl'>^ ti> have- all ««i>es in f^-aoh 
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'■■.'- .^'■•rh-rii «-.r* ^ar'I r:'!:a:L«-[i <^>rLvaI♦^s♦H^nt wanis aiv- npces- 
7-:\Ty, -«■• tKar ''-t-v^s r»-i[riirlr:z a p^rifvl •^f h'>spitalization 
I'-'fiir-r tr.art rh«^ av.^rai:»'' riia^ h*"- 'i*'>irr«'*irate*:l, thus n"^ndorinir 
rr«-arrn--rir -svipl.- availa^i^ f^^r an*>th»^r I»*vy of acute cases. 

3. Sr.ri"-: war»I t^»*-hriLr ^ lafw.rate^l t»> prevent transfer of 
har-t^rrial irirV-*-ri»>n from ♦^ne pati»^nt t*> another must be 

4. Throat r-ultrire f«>r i«h^ntification of *Varriers*' is la- 
h^irioTis l»ut ^•>>-!iri;jL An acrnrat*^ nK-thol for i«lentifvinir 
ami n-TM>rtiri:: ••♦-arriers" as >pe*Hlily as possible must be 
f-riiployr-d. A r-M:iiprrt»-nt bact«*riolot!rist is essential. A 
tv.v-iity four hour iiit»»r\'al lietw^n-n culture and its report is 
<h'>\vi\\}h'. The folhiwincr scheme is recommendeil : 

(n) A rulture from the throat made on admission to the 
ohsf-rvatirm ward (first day in hospital). 

(h) A culture made on the first day in the treatment 
wjH'd (third day in hos])ital). 

(r) A culture made one w(»(»k later (tenth day in hos- 
pitnl). 

If tho ward incidence of hemolytic streptococci reaches 
10 per cent, especially in a filhMl ward, the cultures should 
he repeal(Ml on the lhirte(»nth day in the hospital. If the 
incidence of ^S'ariiers" of hemolytic streptococci increase 
rnpidlv, cuKnres on alternate davs should be made so that 
'^carriers" niav he removed from the ward. AMierever 
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possible, culturing of the treatment wards as units slioukl 
be practiced. 

5. Patients developing acute symptoms in any way sug- 
gestive of infection with S. hemolyticus should be imme- 
diately isolated; culture from the throat should be made at 
once and final disposal of the patient should depend upon 
its result. 

Cairiers of Hemolytic Streptococci 

During the winter of 1917-18, with the establishment of 
the army camps, it very soon became evidcMit that in many 
of the serious and fatal complications of measles and other 
respiratory diseases, hemolytic streptococci were playing 
a very important role. The epidemic prevalence of hemo- 
lytic streptococci among hospital cases, and later among 
men on duty in the camps, was established l)y bacteriologic 
studies. Prior to this time in civil life, hemolytic str(»p- 
tococci under epidemic conditions had been studied in milk- 
borne epidemics of septic sore throat, such as are rc^ported 
from Chicago in 1911-13*; from Boston in 1911- ; and from 
Baltimore in 1911-12^. Contact air-borne infection has not 
been emphasized in considering the dissemination of hemo- 
lytic streptococci. Smillie^ reports a few cases of hemo- 
lytic streptococcus throat inf.ections wliich he attributes 
to contact infection. Conditions within the army camps 
were such as to suggest tlie dissemination of hemolytic 
streptococci by contact air-borne infection. Sonu* knowl- 
edge of the percentage of individuals showing positive 
throat cultures became desirable at the v(»ry beginning of 
studies of contact disseminaticm of hemolytic streptococci. 

Smillie found that oiilv one of 100 normal throats liar- 
bored the Beta hemolytic streptococci of KSmitli and Brown. 
Levy and Alexander' report the presence of hemolytic 

*Capi)S, J. A., and Davis, D. J.: Arch. Int. Mf«l., 1914, xiv, 650; IlJinuis Nfcd. Jour.. 
November, 1912. 

'Windsor, C.-K. A.: Jour. Infect. Dis.. 1912. x. 7?>. 

•Hamburger, L. P.: Jour. Am. Med. Assn , April 1.^ 1912, Iviii, 1109. 

^Smillie, W. S.: Jour. Infect. Dis.. 1917. xx, 45. 

*Levy and Alexander: Jour. Am, Mctl. Assn., 1<MX, Ixx, 1S27. 



'Li, yyrL'x xiA- ix: ryrxm-'y- r.r i:E>pinA7Y»ET tract 

-rr-;:-y.- k-I :z. <i— T»r7 r-^i.: of Leallhv mf-ji at Camp Tay- 
lor, hz--i L-ii?'-^-^>- •r:rsi:.i-m> ;i]«:»t d^finitelT idontifiecl as 
•^•.r-T't'f-"-^!! i :i. 14> j^rr f-ii* <»f reeruils arriving: at Camp 
T£iyl..r. Ir«-i_*' ai.-i MaiiL^' fi»nTid Lemolj'tie streptococci 
£i::-''i.z 7'"' j»^r «>;t.: *'f Lr^hhy nif-n al Camp Custer. 

Ajia*»T^i: T^ea-]«-- jiiirli-Lt- on admission to the hospital at 
Fort Saiij Hou-tMn, C«»]r and MaK'allmn' report 11.4 i>er 
c*-iit aiid CuTiiiLii^rs, J>i«niiT aud Lyiii-h/ 35 j>er cent of 
Throat cultTiriE-s jM:»>itive i«»r hemolytic streptococci. At 
Camp Taylor. Levy and Al«:-xander report 77.1 per cent 
IK»^itiv«- amoiis: 3SS ca>«-s <»f measles on admission to the 
hr«spital. 

Tlje spr»-ad of hein« ♦lytic streptococci in measles wards 
was sljown hv Coli- and MacCallum wlien on admission 11.4 
jK-r cent (*f cases had jx»sitive throat cultures, 38.6 per cent 
after from thr(*f* to five days, and 56.S i>er cent after from 
eijrlit to sixtec-n davs in the wanl. Tn our studv of hemo- 
lytic streptocfK-ci with measles at Camp Funston, 2.6 per 
c^'nt of the cases had positive throat cultures on admission, 
12.S per cMit after three to ten days, and 24.1 per cent after 
<'i^lit to twenty-tliree <lays in the hospital. In a similar 
study at Camp Pike we found 1.7 jxn* cent positive on ad- 
mission; lO.Ji ])pr C4^nt after one week; 22.8 per cent after 
two weeks: 2^).2 jkm- cent after three weeks; and, 33.1 per 
ccMit aft<M' four weeks in the liospital. 

Hemolytic Streptococci in the Throats of Normal Men.— 

Tli(» ixMcenta^^* of normal individuals harboring hemolytic 
sti-eplococci ill tlieir throats was investigated in three dis- 
tinct chisses of men, classifi(Hl according to the degree of 
exposun* to contact infection. 

1'lic firsi group includes men largely from country dis- 
Iricls, cultured within an hour after being assembled by 
llicir local draft board. The laboratory car *'Lister" was 
s<'nt to Hot Springs, Ark. to meet the November draft of 

'I I nils ;iiiil Matiiic: J«ii;r. Am. Med. As»iii., 1^18. Ixx, 687. 
'("nil- ;iii«l M.ii ralliiiii: Jmir. Am. Mi-il. .Xs'in., 1918, Ixx. 11-16. 
^I'limmiiiK", SpMiii ami l.xiuli: Jour. Am. Meil. Assn., 1918, Ixx, 1066. 
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men to be sent to Camp Pike. These men were returned 
to their homes when the armistice was signed, so that there 
was no opportunity to study them after they had lived un- 
der camp conditions. 

The second group includes men on duty in Camps Funs- 
ton and Pike. These men, while largely from country dis- 
tricts, had been living crowded together in the camp for a 
period varj^ing from a few weeks to several months. 

The third group includes normal men resident in the 
base liospitals at Ft. Riley and Camp Pike. This group 
includes at Camp Pike the medical personnel of the measles 
and measles pneumonia wards and represents individuals 
most exposed to contact infection with hemolytic strep- 
tococci. On the other hand, the group includes doctors, 
nurses and seasoned medical detachment men who are per- 
haps less susceptible to respiratory infections than are raw 
recruits. 

The results of studies of these groups are presented in 
Tables LXVI and LXVII. 

Table LXVI 



Hemolytic Streptococci in 


Throats 


OF Normal Men 




Not Resident in the Bass Hospital 








i 








place of study 
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date 
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0! s S 


REMARKS 
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O o 
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Camp Funston, 

Kan., 
Aug., 1918. 

Camp Pike, Ark., 
Nov. 5 to Dec. 10, 
1918 

Hot Springs, 

Ark. 
Nov. 12, 1918 



1^74 


60 


21.9 


337 


2;") 


7.4 


*64 





0.0 



Men on duty in camp in- 
cluding 201 white and 73 
colored; in great part 
newly drafted men 

Largely white men on duty 
in camp 

Men from country districts, 
assembled by the local 
draft board 



*8putum or ssiliva eulturos on r>U of these nion yielded 1 positive for S. 
hcmolyticus. Sputum or saliva injected intra peritoneally into white mice and 
cultures made from the peritoneal exudate of such mice, yielded 2 additional 
positives in the same group of 50 men. These 3 positive cases showed very 
few colonics of hemolytic streptococci. 
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Table LXVII 

Hemolytic Streptococci in Throats of Normal Men 
Resident in the Base Hospital 



place of study 

DATE 


NO. OF 
CASES 


NO. POSITIVE 
FOR HEM. STREP. 


PER CENT 
POSITIVE FOR 
HEM. STREP. 


REMARKS 


Ft. Riley, Kan., 
Aug., 1918 


24 


7 


29.2 


14 convalescent patients in 
a surgical ward; 10 lab- 
oratory workers 


Camp Pike, Ark., 
Sept. 10 to 
Nov. 30, 1918. 


153 


22 


*?.") 


Personnel of measles wards 



*Per cent positive, on one culture only, 
erage two per person as follows: 

Cultured No. Cases 

Once ir>3 

Twice 90 

3 times 39 

4 times 15 



Repeated throat cultures, av- 

Positives 

11 

7 

3 

1 



The group of men studied at Hot Springs represents 
individuals among Avliom there was little chance for contact 
dissemination of hemolytic streptococci. It is a control 
series of men from outlying districts examine<l before their 
throat l)acteriology has been complicated by the inter- 
change of mouth organisms wliich occurs Avhen a group of 
men are crowded into close quarters. The entire absence 
of hemolytic strei)tococci by the throat culture method is 
noteworthy. By multiplying the chances of identifying 
hemolytic streptococci ])y making parallel cultures from 
the saliva, and from the peritoneal exudates of mice in- 
oculated with saliva, hemolytic streptococci were found, 
in small numbers, in 3 instances. The findings in this 
group w(»re only thrc^e throats lightly infected with hemo- 
lytic streptococci. They are in direct contrast with the 
findings among individuals living in camps under crowded 
conditions and are in accord with the findings among re- 
cruits arriving in camp as recorded by Le\y and Alexander. 

In the second group, men living for a time in camp, the 
findings at Camp Funston and at Camp Pike show^ rather 
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striking: differoncos. The lower percentage incidence at 
Camp Pike is the more remarkable since the studies were 
made soon after the influenza epidemic had swept the camp 
and made necessary the hospitalization of about 20 to 25 
per cent of the camp population. 

In the third group, namely, individuals resident in the 
hospital, percentage rates at Camp Funstcm are slightly 
higher than for men resident in camp. This difference 
disappears for the entire group at Camp Pike if we con- 
sider a single throat culture, as Ave must for the sake of 
comparison. The majority of these individuals at Camp 
Pike sei*\'ed in measles wards from which patients carry- 
ing hemolytic streptococci were removed at weekly inter- 
vals. Seven and one-half per cent of the ward personnel 
were positives when first cultured. An additional 7.5 per 
cent acquired the streptococcus while under observation. 

Duration of the ''Caxrier** State. — Unfortunatelv there 
are verv few obs(*rvations with regard to the duration of 
the ^* carrier" state which can be determined onlv bv re- 
peated cultures at short intervals. We have made no ob- 
servations of the duration of the ^* carrier" state in h(»althv 
men. Two hundred and forty-two individuals carrying 
hemolytic streptococci were identified in the ward treat- 
ment of measles. All except 37 of these cases were '^non- 
carriers" when first observed. The remaining 205 include 
166 contact ''carriers" and 39 patients with acute symp- 
toms of infection by lumiolytic streptococci. 

The complete record of throat cultures on these cases is 
presented in Table LXVTTI. 

Group I includes 37 cases positive for hemolytic strep- 
tococci on admission. 

(a) Twenty-two of these remained positive througliout 
the period of obs(»rvation. P\)ur pati(»nts ])ecanie negative 
after one or two weeks and later showed positive findings, 
leaving the hospital as positives. These are classified as 

irregular." The results of culture were as follows: Cul- 
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'* carriers" are 



(6) One hundred and sixty-six contact 
included in Groups II to VIII. Eighty-two of these passed 
from observation after their initial positive culture and 
14 appear as ^'irregidar." The cases witli repeated throat 
cultures after the initial i)ositive are sunnnarized in Table 
LXX. 

Table LXX 



Refultiiroci after one week 
Becultured after two weeks 
Becultured after three weeks 
Recultured after four weeks 



NO. PATIENTS 
CULTURED 

70 

22 
5 



NO. BECOMING 
NEGATIVE 

26 
9 

5 
4 



PER CENT 
BECOMING 
NEGATIVE 

37l 

40.9 

100.0 

100.0 



These records indicate that contact carriers in great part 
harbor hemolytic streptococci during short intervals. A 
longer period of observation aftcT the disappearance of 
hemolytic streptococci would have been desirable in many 
instances. Some patients were followed with consistently 
negative cultures during three, four and five weeks after 
hemolytic streptococci had disappeared. 

It is difficult to explain those instances in which nega- 
tive cultures are interposed between positives. AMiere one 
negative interrupts positive cultures, it is possible that the 
throat culture failed to demonstrate hemolytic streptococci 
which were present. Such cases in this series fall within 
the limits of the percentage error of throat culture iden- 
tification. AVhere two or three, or even four negative cul- 
tures int(Tvene, reinfection is not impossible. 

Relation of S. Hemolyticus "Carriers" to the Compli- 
cations of Acute Respiratory Diseases. — In the present 
study of measles it has been shown that pneumonia fol- 
lowing measles has been no more common in *^ carriers" 
than in '^noncarriers." Neverthelc^ss, pneumonia occur- 
ring in badly infected wards has been modified by strep- 
tococcus comi)lications. 

More cases of otitis media have appeannl in *' carriers" 
than in ^^noncarriers." Tlie possibility that mild otitis 



i 
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media, which would ordinarily pass unnoticed, might be- 
come evident as the result of streptococcus invasion must 
be considered. Levy and Alexander have made an impor- 
tant contribution to our knowledge of the role of hemolytic 
streptococci in measles. They find that ^' carriers^' of 
hemolytic streptococci among measles patients are espe- 
cially predisposed to complications following measles. 

Their cases were drawn from a camp population highly 
saturated with S. hemolyticus * Carriers." In the organ- 
ization from which 89 per cent of their patients with 
measles came, there were 83 per cent hemolyticus ** car- 
riers" among men on duty. Among patients with measles, 
throat cultures were positive for hemolytic streptococci on 
admission in 77 per cent. It is evident that all patients 
with measles have been exposed to hemolytic streptococci 
during the first day or two after admission. Failure to 
carry streptococcus would appear to be dependent upon 
ability to resist it rather than upon lack of opportunity for 
acquiring it. Of 388 cases observed by Levy and Alexander 
only 79 were ^^noncarriers" of hemolytic streptococci on 
admission, and of these, 27 became positive while under 
observation; onlv 52 remain as ' * noncarriers " of hemolvtic 
streptococci. This small group must be regarded as a 
highly selected one, composed of individuals more than or- 
dinarily resistant to hemolytic streptococci and perhaps to 
all complications of measles. The chances are that these 
52 cases placed under any circumstances might very well 
have l)een among the large number of measles cases in 
which no complications develop. 

Furthermore, it is not unlikely that any complication of 
measles may be modified by a streptococcus secondarily 
when about 85 per cent of the cases show S. hemolyticus in 
the throat. The complications in the cases of Alexander 
and Levy appear to have been caused in large part by 
streptococcus, but a complete bacteriologic study of them is 
not recorded. Complications among streptococcus *'car- 
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riers'^ are not identical with complications due to the 
streptococcus, and it is desirable to know what percentage 
of complications actually due to hemolytic streptococci oc- 
curred among the 85 per cent of patients with measles who 
carried hemolytic streptococci. 

Summary. — No hemolytic streptococcus complications 
occurred in 112 cases of measles observed at Ft. Riley, 
among which streptococcus ^^ carriers" rose from 2.6 per 
cent on admission to 24.1 per cent before discharge from 
the hospital. The percentage of ^^ carriers" of hemolytic 
streptococci among normal men in the camp supplying these 
cases was about 25.5 per cent. 

The influenza epidemic and a small epidemic of measles 
occurred in part sinmltaneously at Camp Pike during Sep- 
tember and October, 1918. The complications following 
measles at Camp Pike were to a considerable extent de- 
pendent upon the combined effects of influenza and measles. 

Thirty-five per cent of the measles patients showed throat 
cultures positive for B. influenzae on admission to the 
hospital. On repeated cultures, this rose to 84 per cent be- 
fore discharge. 

Ward separation of cases of measles carrying hemolytic 
streptococci in their throats and cases not carrying these 
organisms were practiced in handling this epidemic. Of 
867 cases of measles treated in this manner, 37 were posi- 
tive for hemolytic streptococci on admission, and 205 de- 
veloped positive throat cultures for these organisms dur- 
ing their period of observation in the hospital. 

At Camp Pike, the percentage incidence of S. hemolyti- 
cus **carriers," on admission to the measles wards, was 
4.2 per cent. In cases recultur(»d ofter one week, it was 
10.9 per cent; after two weeks 22.8 per cent; after three 
weeks 26.2 per cent; and after four weeks 33.1 per cent. 
The weekly development of '^carriers" in the ^V'lean" 
treatment wards was during the first we(»k 9.1 per cent; 
during the second week 17.4 per cent; during the third 
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week 17.4 i)er cent; and during the fourth week 17.4 per 
cent. 

The principal complications of these 867 cases of measles 
at Camp Pike were: pneumonia, 56 cases; otitis media, 48 
cases, with subsequent mastoiditis in 23 cases, 2 of which 
had extensions to the meninges and brain. The greater 
part of the pneumonia occurred early in the period of ob- 
servation, Avhile most of the otitis media occurred later. 
Incidence of hemolytic streptococci was low during the 
pneumonia period and high during the prevalence of otitis 
media. 

Hemolytic streptococci complicated 9 of these pneumo- 
nias; caused a large percentage of otitis (bacteriology in- 
complete), and 21 of the 23 cases of mastoiditis. 

The bacteriology of 35 of the 56 pneumonias showed: 
Pneumococcus Type II atypical, in 36 per cent. Type IV in 
22.9 per cent, Type I in 2.8 per c(»nt and Type III in 2.8 per 
cent; hemolytic streptococci in 22.4 per cent; and B. influ- 
enza^ in 88.6 per cent. 

The culturing of wards as units revealed widespread con- 
tact dissemination of hemolytic streptococci, at times 25 
to 50 per cent of the patients in a ward becoming * Car- 
riers" within the period of a week. Streptococcus pneu- 
monias, otitis media and its complications Avere furnished 
in large part by wards in which active dissemination 
occurred. 

Streptococcus complications did not occur among 37 pa- 
tients who were ^Carriers" of hemolytic streptococci Avhen 
admitted to the hospital. 

The epidemic dissemination of hemolytic streptococci oc- 
curs in measles wards, and is a serious danger. Many pa- 
tients whos(» throats become infected, develop no symptoms. 
In some instances strt^ptococcus invades, and renders much 
mon^ scM'ious lesions caused by other microorganisms. 

M(»tliods to prevent transfer of infection within the ward 
and separation of * Carriers" from ^ ^ noncarriers " in dif- 
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forent wards are efficient in keepiiif? epidemic dissemina- 
tion of hemolytic streptococci under control. Frequent 
throat cultures and prompt report of the results of cul- 
tures are essential. 

The dissemination of B. influenzae in patients with meas- 
les was not controlled by segregation of ^^ carriers'' and 
**noncarriers'' of this organism as identified by throat cul- 
tures in separate wards. 
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monia, was doubtless duo in part at least to its association 
with purulent bronchitis and peribronchiolar pneumonia 
(Table LXXI). 

Changes in Bronchi. — The changes in the bronchi do not 
differ in character from those associated with pneumonia 
following influenza. Purulent bronchitis recognized at au- 
topsy by the presence of mucopurulent material in the 
small bronchi Avas found in a much larger proportion of 
instances in this group of autopsies occurring in 13 of 18 
instances (72.2 per cent), whereas it was present in only 
55.6 per cent of autopsies on individuals with pneumonia 
following influenza. There was peribronchial hemorrhage 
recognizable on gross examination in 3 autopsies and mi- 
croscopically in 3 additional instances. 

Bronchiectasis was present in a considerable proportion 
of these autopsies, dilatation of bronchi being noted in 7, 
but it was usually moderately advanced and at times limited 
to the bases of the lungs. The short duration of respira- 
tory disease perhaps explains the infrequency of advanced 
bronchiectasis. The incidence of the lesion is greater wnth 
measles (43.7 per cent) than Avith influenza (22.4 per cent). 

Microscopic changes in the bronchi do not differ from 
those found after influenza. Evidence of acute inflamma- 
tion, often hemorrhagic in character, is found within the 
lumen of the bronchus and in the tissues immediatelv in 
contact Avitli the lumen. Not infrequently the epithelium 
is lost; there is superficial necrosis and deposition of fibrin 
upon the surface and Avithin the tissue. In the deeper tis- 
sues of the bronchial wall there is infiltration with lymphoid 
and plasma c(^lls, which in the larger bronchi is particularly 
advanced al)out the mucous glands of which the acini ex- 
hibit degenerative changes. AVith the onset of chronic 
changes new formation of fibrous tissue occurs in the wall 
of the l)ronchus and in the contiguous interalveolar walls. 
The lining epithelium often loses its columnar cells and 
assumes a squamous type. 
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Changes in the bronelii witli bronchiectasis have been 
similar to those following influenza. AVeakening of the 
wall permitting dilatation is brought about by necrosis ex- 
tending outward from the lumen a varying distance into 
the bronchial wall and permitting the formation tears Avhich 
diminish resistance to intrabronchial pressure. 

Lobar Pneumonia. — Lobar pneumonia following measles 
occurred in 4 instances. Onset in tliese cases avus on ap- 
proximately the 9th, 10th, 11th or 14tli day of measles; the 
onset of broncliopneumonia l)ore a similar time relation to 
the onset of measles, the average interval being nine days. 
Hepatization with lobar pneumonia was in 1 instance red, in 
3 instances gray, and in all save 1 instance the consolidation 
was firm and coarsely granular on section. In tlie excep- 
tional instance the greater part of the right upper lobe Avas 
laxly consolidated and rather fmely granular but the mi- 
croscopic appearance Avas in all instances that of lobar 
pneumonia. Lobar pneumonia in 2 of these cases was as- 
sociated Avith purulent bronchitis present in parts of the 
lung that had not undergone consolidation, Avhereas in the 
other 2 instances there Avere acute broncliitis and peri- 
bronchiolar pneumonia recognized by microscopic exam- 
ination. 

In one instance hepatization of the lung presented some 
notcAvorthv features. 

Aatopsy 450. — G. D., -vvhito, .njjcd twonty-oiie, a farmer, rosidont of Arkan- 
sas, had been in military service twenty-nine days. Onset of illness began 
on October 2, nineteen davs before death, and on admission on the same dav 
the diagnosis of measles was made. Signs of j)neumonia, regarded as bron- 
chopneumonia, were recognized five days before death. Three days later 
there was otitis media and j)aracentesis was perf(»rmed. On October 3 and 10 
neither S. hemolyticus nor B. influenza? was found in the si)utum; on Octo- 
ber 17 and 20 S. hemolyticus was not found but B. influenziR was present. 

Anatomic Diagnosis. — Acute l(»bar jmeumonia with gray and red hepati- 
zation in right upper and lower lobes; edema and ])eribronchial hemor- 
rhage in left lung. 

The entire lower lobe of the right lung (Fig 2I>) with the exception of 
a narrow air-containing zone in contact with basal surface is firmly con- 
solidated. The greater part of the consolidated tissue is yellowish gray, 
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firm and coarsely granular. The uppermost part of the consolidated tissue 
is softer than elsewhere as if it has undergone autolysis. The lowermost 
part of the consolidated tissue in a zone from 2.5 to 3.5 cm. in breadth is 
firmly consolidated but deep red. The bronchi contain stiff plugs of fibrin. 
In the upper lobe continuous with the consolidated part of the lower is a 
semicircular patch of yellowish gray consolidation. It overlies the line of 
the interlobular cleft at the site of a break in its continuity. Consolidation 
appears to have spread from the lower lobe into the upper at the site where 
the alveolar tissue of the two lobes is continuous but is absent from that 
part of the upper lobe separated from the lower by the interlobular cleft. 
This semicircular patch of yellowish gray consolidation is separated from 
air containing tissue of the upper lobe by a zone of red hepatization about 
1 em. in thickness. 

Bacteriologic examination showed the presence of Pneumococcus IV in 
the blood of the heart; B. influenza; alone was obtained from the right 
lower lobe and B. influenzae and staphylococcus from the left main bron- 
chus. 

The distribution of lobar pneumonia in the foregoing 
autopsy indicates that it has spread like a wave from tlie 
upper part of the lower lobe (Fig. 32) penetrating into the 
upper where the alveolar tissue of the two lobes is in con- 
tact; gray hepatization is everywhere separated from air 
containing tissue by an advancing zone of red hepatiza- 
tion. 

It may be assumed that lobar pneumonia was caused by 
Pneumococcus II atypical in 3 instances although it was 
recovered from the lungs only twice, for in the third in- 
stance (Autopsy 486) it was found in the bronchus and in 
the inflamed pleural cavity; piieumococci were doubtless 
previously present in tlie lung, but had disai)peare<l at least 
from that part from which the culture was made. Pneu- 
mococcus IV was evidently the cause of pneumonia in 1 
instance (Autopsy 450), for it Avas found in the blood of 
the heart although it was al)S(Mit in the culture from the 
lung. 

Little significance can l)e attributed to the observation 
that B. influenza^ was prc^sent in pure culture* in the lungs 
from Autopsies 450 and 480, for the pn^scMice of Pneumo- 
cocci IV in the blood of the heart in Autoi)sy 450 and of 
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Pneumococcus II atypical in the pleura in Autopsy 486 fur- 
nishes eWdenee in view of the occurrence of lobar pneu- 
monia that pneuniococci had disappeared from the lungs. 
B. influenza? was found both in the lungs and bronchus or 
in the bronchus alone in 3 of these 4 cases. 

The relation of hemolytic streptococci to the lesion is of 
interest. In 3 of 4 instances of lobar pneumonia this mi- 
croorganism had entered the bronchi but was not found in 
the lungs or in the heart's blood; and gross and histologic 
examination showed none of the lesions which are usually 
caused by it. In 1 instance (Autopsy 508) hemolytic strep- 
tococci, absent from the throat when the patient was ad- 
mitted to the hospital with measles sixteen days before 
death, appeared in a culture made five days later and was 
subsequently found three times; it had penetrated into 
the bronchus l)ut failed to reach the lung. Observations 
made upon lobar pneumonia following influenza have showTi 
the relative insusceptibility of lobar pneumonia with gray 
hepatization to secondary infection with hemolytic strepto- 
cocci (p.lGO). Autopsy 508 demonstrates that occurrence of 
hemolytic streptococci in the sputum of a patient with pneu- 
monia does not furnish conclusiA'e proof of the existence of 
streptococcus pneumonia. 

Bronchopneumonia. — Bronchopneumonia has been found 
in every instance of pneumonia following measles save 3, 
namely in Autopsy 486, Autopsy 505 with lobar pneumonia 
and Autopsy 507 Avitli interstitial suppurative pneumonia. 
It is not improbable tliat further histologic study might 
have demonstrated small patches of peribronchiolar pneu- 
monia, for purulent bronchitis was present in the two autop- 
sies with lobar pneumonia. This small group of cases has re- 
])roduced all of the im])ortant features of bronchopneumo- 
nia following influenza. Hemorrhagic peribronchiolar con- 
solidation cluiracterize<l by the presence of small gray spots 
clustered about terminal bronchi upon a homogeneously 
rod background has been found in 5 of 18 instances of pneu- 
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monia with measles. Pfeiflfer regarded this lesion as char- 
acteristic of the pneumonia of influenza. Peribronchiolar 
patches of consolidation Avith no surrounding hemorrhage 
were found in 14 instances, being recognized first by mi- 
croscopic examination in half of this number. Lobular 
consolidation occurred in 11 autopsies and peribronchial 
fibrinous pneumonia was present in a third of the autopsies 
on patients witli pneumonia of measles. 

Bronchial, peribronchial and intraalveolar hemorrhage 
is much more commonly associated witli the pneumonias of 
influenza than with the more familiar types of acute bron- 
chopneumonia. Exuded blood may undergo absorption; 
and with bronchopneumonia Avhich, persisting unresolved, 
has assumed tlie characters of a chronic lesion, it is com- 
mon to find mononuclear cells often in great abundance 
filled with brown pigment derived from the hemoglobin of 
red blood corpuscles. 

Autopsy 439 is an example of acute hemorrhagic broncho- 
pneumonia; there are red lobular and confluent lobular 
patches of consolidation which upon the pleural surface 
have a blue or purplish color. In the dependent part of 
the left lung occupying a large part of the lower lobe there 
is lax, red consolidation marked by gray or yellowish gray 
spots of peribronchiolar pneumonia and in this lobe bronchi 
are encircled by zones of hemorrhage. Pneumococcus II 
atypical was ol)tained from the lung. In Autopsy 444 the 
lesion has the same hemorrhagic charact(*r although lob- 
ular patches are in a stage of grayish red hepatization. 
Pneumococcus II atypical has l)een found in the heart's 
blood, and with B. influenzae in lungs and bronchus. Au- 
topsy 441 is an example of the occurrence of conspicuous 
nodules of peribronchiolar consolidation in some parts of 
the lungs with the same lesion in other i)arts on a back- 
ground of hemorrhage. B. influenza^ and S. aureus have 
been found in both lungs and bronchi. 
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Steiiilmus' states that the pneumonia of measles is never 
lobular inflammation but occurs in small patches several 
of whicli may be found in a single lobule. 

Chronic ii])roiil pneumonia following measles character- 
ized by cellular iniiltration and proliferation of the intersti- 
tial tissue of the lung has been described by Bartels,' Stein- 
haus,' Hart,* MacCallum' and others. 




The incidence of unresolved bronchopnemnonia amonp; 
instances of bronclioimeunionia followins measles is higher 
than tliat among broncliopneumonias following influenza. 
There have been (i instances of chronic or unresolved bron- 
chopneumonia among 18 pneumonias following measles, 
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namely 33.3 per cent. Tlie iiicideuce of unresolved broncho- 
pneumonia anions 241 autopsies on pneumonia following in- 
lluenza has been 21, namely 8.7 per eent. The essential fea- 
tures of this chronic lesion liave been as follows: (a) chronic 
peribronehiolar pneumonia indicated by the pre-sence of 
firm nodules of peribronchiolar consolidation wliich have 
considerable resemblance to miliary tul)ercles. Induration of 





the nodule occurs because the walls of alveoli surrounding 
and adjacent to a respiratory bronchiole (Fig. 31) become 
thickened and infiltrated with cells and there is organiza- 
tion of exudate within the alveoli. New formation of 
fibrous tissue (Fig. 32) occurs where the acute inflamma- 
tory reaction of peribrondiiolar consolidation is most ad- 
vanced {p. 11)9 and compare with Figs. 3 and 4), namely. 
about the M-si>irjitory Ijroiieliidlc, alvoohir duct and the 
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proximal parts of the iiifmulibiila, disappearing as the dis^ 
tal half of tlie infiiiulibiiluin is approaclied. Distention ofl 
the alveoli ex])laiiiiug the distention of tlic lung and its fail-4 
un? to collapse on .section is a notewortliy feature of tliea 
lesion. (6) Chronic perilironchial inflanunation (Fig. 30)« 
with new formation of fibrous tissue about the smaller and 
medium-sized bronchi extemling into innnediately adjacenfa 




alveolar walls and often associated with organization i 
peribronchial fibrinous puenmonia. (c) Chronic lobulad 
inflammation with elianges similar to those just cited, disJ 
tributed throughout entire ktlmles. (d) Moderate thickenJ 
ing of interlobular septa. Bronchiectasis may be assocL-q 
ated with the chronic lesion (Autopsies 443, 481, 484, 4!H 
and 49(j) but with one exception {Autopsy 443) has bneB 
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only moderately advanced. Suppurative pneumonia with 
abscess formation has occurred twice (Autopsies 438 and 
492). 

With acute bronchopneumonia following measles the av- 
erage duration of pneumonia, determined by the date upon 
which physical signs of pneumonia were first recognized 
and in consequence subject to some error, was seven days; 
in instances of chronic bronchopneumonia the average 
duration of pneumonia has been fifteen days. 

The bacteriology of acut<» bronchopneumonia following 
measles is shown in Table LXXIT. 

Table LXXII 



WITH NO 


SPUTUM 


BACTERIA IN 


BACTERIA IN 


BACTERIA IN 


SUPPURATION 


IN LIFE 


BLOOD OP HEART 


LUNGS 


BRONCHI 


Autopsy 390 




Pneuni. Ifatyp. 






439 







Pneum. II atyp. 
8. aur. 


B. coli 


441 







B. inf., 
8. aur. 


B. inf., 8. aur. 


444 


B. inf. 


Pneuni. II atyp. 


Pneum. II atvp. 
B. inf. 


Pneum. II atyp. 
B. inf. 


453 




Pneum. I 


Pneum. I 


Pneum. I, 
B. inf. 


With suppuration: 










442 


8. hem. 


8. hem. 




B. inf., 8. hem. 


491 


8. hem. 


8. liem. 


8. hem., B. coli 


B. inf., B. coli 


507 


8. hem. 


8. hem. 


8. hem., 8. aur. 


8. hem., B. inf.. 








8. aur. 



It is noteworthy that pneumococci have been recovered 
from the heart's blood or lung in all but 1 (Autopsy 441) of 
5 instances of acute ))ronchopneumonia with no suppuration 
and is doubtless the cause of this pneumonia. Pneumococ- 
cus II atypical has been found in 3 of 4 instances of lobar 
pneumonia following measles and is present in 3 of these 
5 instances of bronchopneumonia. 

Where suppuration has ))eeii found, hemolytic strepto- 
cocci have* been present in the sputum, in the heart's blood 
and either in the lungs (Autopsy 491) or in the bronchi (Au- 
topsy 442) or in botli (Autopsy 507). In these instances 
pneumococci have not boon found, though in view of tlie 
readiness witli which pneumococci disappear from the lungs 
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it is possible that they have been the primary cause of 
bronehopneumoiiia. 

The ImeteriolofiTj' of 6 instances of unresolved broncho- 
pneumonia following measles is given in Table LXXIII. 



Table LXXIII 



WITH NO 


SPITT'M 


BACTERIA 


IX 


BACTERIA 


IX 


BACTERIA IX 


Sl-FPl-».^TIOX 


IX LIFE 


BLOOD OF HEART 


LUXGS 




BROXCHrS 


Autojyjv 44:^ 









B. coli 




B. inf., B.coU 


4S1 







] 


B. inf. 




B. inf., Pneum. 

II, atrp-, S. 
hem. 


4?^ 


Pm-um. 
IV.. 
B. inf. 












B. inf., diph- 
theroids 


4<Hi5 


' Piif^um. 
IV. 
B. inf. 












B. inf. 


W':b. Suj^puraiion : 
















B. inf. 







Pneum. II 
atyp., 8. 
B. inf. S. 1 


vir. 
bem. 


S. hem., B. inf. 


4^2 


St. hom., 
Rinf. 


S. hom. 




S. hem., Pneum. 
rv, B. cell. 












B. inf. 







Wi;er\^as with acute bnmchopneumonia death has been 
avvo!v,5x;i:ii<H{ aiul {vrhaps i-austnl by bacterial invasion of 
:V,o Mvv\* by p!iounKXHHx*i or streptococci in 5 of 7 instances, 
w::ii ur.r\^>olvo\i or chronic bronchopnemnonia bacteriemia 
V.ns ivvv, prosctir onlv once, namelv, in Autopsv 492 in which 
\\\:\\ s;:vp:;r:i::ve pr.oumonia hemolytic streptococci have 
<v,:v':>\l :V,c bASvL It is pn^lvible that pneumococci have 
V/s;^\ s< V:iv: a:: hv.portant jvirt in the causation in these 
\^:>:>%':.vv> o:* i^ror.ohop!;ramonia which have run a chronic 
v\^;;v>s;' >;:: ::'. :vV. scivv J cases i Autopsies 438 and 492) have 
sl^i.-vV'^'^ >^^^'^'- :rv v., :V.' lur.c^. Pneunux*occus II atypical has 

•.; '"•',:,"' r-v '.;•.> (vt^v. found in assoi*iation with acute 
V'\^*\' ov* ; "v 's • -.ci :v, ::> Iv.v^cs in 1 of ii examinations and 
... .*. . \.,... .r.. ... \ ,.' .; , \j?^*>rM|j|^Jons. These fiirures indi- 

VN ">' .;;*, : >- x>s< .,: v. s-i^a*- numln^rs if at all in the con- 

^. * ^^.'n's; v.;.: : s>v,: ; ,:: 's !\-a::vclv abundant in the bron- 

VV . N* -iv .. :'Tv.,:':. vv.outnor.ia B. influenza* has been 
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found in every instance, in half of the examinations of lungs 
and in all of the examinations of bronchi. In 1 instance 
(Autopsy 481) B. influenzae has been found in pure culture 
in the lung; Pneumococcus II atypical has been found in 
the bronchus and has perhaps disappeared from the pneu- 
monic lung, since this microorganism is often destroyed 
in the late stages of pneumonia so that its demonstration 
at autopsy is no longer possible. In 1 instance B. influenzae 
found in the bronchus has been the only microorganism 
isolated at autopsy, although the sputum during life con- 
tained B. influenzae and Pneumococcus IV. 

Suppurative Pneumonia. — Suppurative pneumonia with 
formation of abscesses has occurred in 2 autopsies with 
pneumonia following measles (Autopsies 438 and 492), both 
instances of chronic bronchopneumonia. In Autopsy 438 
the lower and posterior part of the left lower lobe has been 
consolidated and has had on section a cloudy, grayish red 
color: within this area of consolidation and inmiediatelv be- 

7 v 

low the pleural surface there have been opaque, yellow 
spots where the tissue has been softer than elsewhere. Mi- 
croscopic examination shows that the tissue has here under- 
gone widepread necrosis so that all nuclear stain has disap- 
peared; at the edges of the necrotic tissue polynuclear 
leucocytes are often present in large numbers, but necrosis 
is much more conspicuous than suppuration. In the necrotic 
tissue and at its edges streptococci are present in vast num- 
bers. Hemolytic streptococci have been growTi both from 
the lung and from the bronchus, but these have not been 
the only microorganisms present, for Pneumococcus II atyp- 
ical and S. viridans have been obtained from the lungs and 
B. influenzae from lungs and bronchus. 

In Autopsy 492 with chronic bronchopneumonia the pos- 
terior half of the right lower lobe is laxly consolidated, deep 
red in color and with the cloudy appearance oftc^ii asso- 
ciated with streptococcus pneumonia; upon this background 
are peribronchiolar spots of yellow color, in places well 
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seen below tlie pleura ; in the corresponding part of the left 
lower lobe similar nodules have been converted into small 
abscesses by central suppuration. There is empyema on 
the right side, fibrinopurulent pericarditis, and purulent 
peritonitis. Hemolytic streptococci had been found in the 
sputum three times, the first examination being thirteen 
days before death. This microorganism is found in pure 
culture in the blood of the heart and with Pneumococci IV, 
B. coli and B. influenza* in the lung. Hemolytic strepto- 
cocci were found in the right pleural exudate and perito- 
neum. 

The pneumonias following measles give opportunity to 
consider the relationship of suppurative interstitial pneu- 
monia to unresolved or chronic bronchopneumonia, which 
is characterized by infiltration and proliferation of the 
fibrous tissue of the lungs. A number of those who have 
studic^d tlie pneumonia of measles have recognized that this 
chronic interstitial lesion is a common sequela of measles. 
MacCaUum has designated the lesion ** interstitial broncho- 
pneumonia," and has included under this name its acute 
stage in which the interstitial character of the lesion is not 
more evident than with otlier forms of acute bronchopneu- 
monia. He has regarded S. hemolyticus as the cause of 
' ' interstitial bronchopneumonia ' ' following measles. A 
review of the autopsies which he has described shows that 
he has included under the same designation t>T)ical in- 
stances of interstitial suppurative pneumonia associated 
with suppurative lymphangitis. Instances of unresolved, 
chronic or *' interstitial" bnmchopneumonia and of inter- 
stitial suppurative pneumonia which we have obsen^ed after 
measles, demonstrate that the two lesions are distinguish- 
able botli l)v their anatomic characters and bv their etiologv. 

Thn^e instances of suppurative interstitial pneumonia 
occurred among the pneumonias following measles (Au- 
topsies 442, 491 and 507). The lesion is characterized by 
suppuration of the interlolmlar septa and particularly note- 
worthy is the occurrence of suppurative lymphangitis. 
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Ijonphatics being immensely dilated and distended with 
purulent fluid so that their irregularly dilated, beaded ap- 
pearance is recognizable upon the section of the lung. In 
the group of pneumonias following measles this lesion has 
not been associated with unresolved or chronic broncho- 
pneumonia; no nodular tubercle-like foci of bronchopneu- 
monia have been found at autopsy, and there has been no 
thickening of the interstitial tissue. The lesion has accom- 
panied confluent lobular pneumonia in 2 instances (Autop- 
sies 442 and 491). In the third instance (Autopsy 507) 
there was in the neighborhood of the suppurative lesions 
diffuse consoliclation which had the cloudy, gray red color 
of streptococcus pneumonia, but this consolidation was not 
lobular in distribution. 

The etiology of interstitial suppurative pneumonia es- 
tablished by study of instances following influenza is con- 
firmed by Table LXXII (p. 345) showing the bacteriology 
of instances of acute bronchopneumonia following measles. 
Pneumococci are almost invariably found in uncomplicated 
instances of bronchopneumonia and hemolytic streptococci 
have been absent, whereas in 3 instances of suppurative 
interstitial pneumonia hemolytic streptococci have been 
found in the sputum during life, in pure culture in the blood 
of the heart and in the lungs and bronchus (missed in the 
bronchus in one instance. Autopsy 507). In the 3 instances 
of the disease B. influenza^ has been found in the bronchi. 

Table LXXIII shows that suppuration has accompanied 
unresolved bronchopneumonia (*^ interstitial bronchopneu- 
monia") in 2 instances (Autopsies 438 and 492), but in 
these instances the interlobular tissue of the lung has not 
been the site of suppuration and there has been no suppura- 
tive lymphangitis. Localized abscesses have been formed; 
hemolytic streptococci, as with abscesses following influ- 
enza, have been found. 

Empyema has occurred only 5 times in association with 
pneumonia following measles and in these 5 instances has 
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liir.-:, r:^h: ]>::rti: .^v:ty a::d peritoneum. 

At!»z:: 4 :i:>tar.-i-v< • ■: 1* 'bar p:;eumonia following measles 
:L-r^ was >vr"r.f'r:!:.'iis pleurisy 3 times: in 1 instance there 
i< i.o r»-«-vra of pkural oh;iiiir*\ In 1 instance of lobar 
pi:t/:i!i:.'iiia lAuti^psy .VG» the right pleural cavity con- 
tain^-il >*■! ,..e. of s»-ronbrinous exudate and the pericardial 
f-avity CMiitain*il .">1*~» c.c. of op;iqut\ yellow seropurulent 
flui'l: Pi^niiii«H-o*i-ns TI atypical in pure culture was ob- 
tain»d fmni tlie 1iIo«k1, lung and pleural and pericardial 
exuviates. Among 9 instances of bronchopneumonia follow- 
inir measlj's tln-n* was fibrinous pleurisy 3 times, serofibrin- 
ous 3 times, and no recorded lesion of the pleura 3 times. 
Empyema, like suppurativa* pneumonia following measles, 
is in most instances, but not constantlv, caused bv invasion 
of hemolytic streptococci. 
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The foregoing study lias sliown tliat pneumonia which 
has followed measles has reproduced all of the lesions 
usually found after influenza. There is no pulmonary 
lesion peculiar to measles. Lobar pneumonia follows the 
disease in some instances, but bronchopneumonia with 
purulent bronchitis is more common. The same tendency 
to hemorrhagic inflanunation found with the pneumonia of 
influenza is seen after measles. Unresolved pneumonia 
with chronic inflammatory changes in the interstitial tissue 
of the lung has all of the characters of the similar lesion 
following influenza but has been found in a larger propor- 
tion of the pneumonias of measles. 

B. influenza? has been found in the bronchi in 14 of 16 
examinations, namely in 87.5 per cent of fatal instances of 
pneumonia. In 1 instance in which B. influenzae has not 
been found at autopsy, it has been isolated from the sputum 
during life. It is not improbable that B. influenzae has 
been constantly present in the inflamed bronchi both after 
influenza and measles. It is noteworthy that the outbreak 
of pneumonia following measles has been in part coincident 
with, in part slightly subsequent to, an epidemic of influ- 
enza which has exposed every individual in the camp to in- 
fection with this disease. 

B. influenzae has been found in the lung with the pneumo- 
nia of measles in 7 of 17 examinations, namely, in 41.2 per 
cent of instances. The microorganism with measles, as 
w4th influenza, is found in the inflamed lung only half as 
frequently as in the bronchi. It appears to be peculiarly 
adapted for nuiltiplication within the bronchial tubes, and 
its isolation from the inflamed lung in less than half of the 
cases of pneumonia is perhaps referable to its presence in 
the small bronchi and bronchioles. The presence of B. in- 
fluenzae in the lungs in pure culture in 3 instances at first 
sight suggests that the microorganism produces pneumo- 
nia, but a more intimate survey of these cases gives little 
support to this view. In Autopsy 450 B. influenzae has been 
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found in pure culture in tlie lung, but Pneumocoeeus IV has 
been isolated from the blood of the heart and has been with 
little doubt the cause of typical lobar pneumonia present in 
this instance. In Autopsy 486 the condition is almost iden- 
tical, for in the presence of lobar pneumonia B. influenzjt^ 
has been found in the lung in pure culture, but Pneumocoe- 
eus II atypical has been isolated from the pleural cavity 
and from the bronchus ; in both autopsies the pneumococci 
which have caused lobar pneumonia have disappeared from 
that part of the consolidated lung from which a culture has 
been made ; and here doubtless its invasion has been effec- 
tively resisted although it is still present in other organs. In 
Autopsy 481 in which B. influenzae has been isolated from 
the lung in pure culture, the part of pneumococci in the 
production of the fatal disease is less evident; in this in- 
stance, Pneumocoeeus II atypical, S. hemolyticus and B. in- 
fluenzae have been isolated from the bronchus. 

The presence of microorganisms which have a well-es- 
tablished etiologic relation to pneumonia explains the occur- 
rence of pneumonia and makes unnecessary the assumption 
that B. influenza*, >vhich is present in the lungs in less than 
half of the instances examined, is essential to the production 
of the pneumonic consolidation. In view of the well-recog- 
nized etiology of lobar pneumonia we may conclude that 
this lesion is referable to the pneumococci (Pneumocoeeus 
II atypical in 3 instances and Pneumocoeeus IV in 1 in- 
stance) isolated from the autopsies in which this lesion oc- 
curred. Pneumocoeeus (Pneumocoeeus II atypical in 3 in- 
stances and Pneumocoeeus I in 1 instance) has been isolated 
from the luiie:s or heart's blood in 4 of 5 instances of acute 
bronchopneumonia unaccompanied by suppuration. With 
unresolved l>ronchoi)neumonia with no suppuration, pneu- 
mococci have been in no instance found in the lungs or blood 
though their presence in tlie washed sputum during life or 
in the l)ronchus at autopsy suggests the possibility that 
they may have disappeared from the lungs. 
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In all instances in which suppuration has occurred 
hemolytic streptococci have been found in the lungs or 
blood, or in both. The occurrence of pneumococci in tlie 
lungs in 2 of 5 instances of suppurative pneumonia indi- 
cates that infection with S. hemolyticus is in some instances 
at least superimposed upon acute bronchopneumonia caused 
by pneumococci. Bronchopneumonia in 3 instances has the 
character of that caused by pneumococci. It is probable 
that the sequence of infection frequently observed after in- 
fluenza, namely, bronchial infection by B. influenza?, fol- 
lowed by pneumonia caused by pneumococci, followed in 
turn by infection by hemolytic streptococci with necrosis 
or suppuration, is not uncommon after measles. 

Pneumonia Associated with Acute Infectious Diseases 
Other than Influenza and Measles. — A small group of au- 
topsies have been excluded from the list of those which 
accompanied the epidemic of influenza, because pneumonia 
has been associated with an acute infectious disease to 
which it is perhaps secondary. Tliese few instances of 
pneumonia, like those following measles reproduce char- 
acters of the pneumonia following influenza and may be in 
part referable to influenza which has attacked an individual 
suffering with typhoid fever, mumps or scarlet fever. 

In 2 instances pneumonia followed typhoid fever and ap- 
peared on September 23 and 26 shortly after the epidemic 
of influenza had become evident. In the 'following autopsy 
there was acute lobar pneumonia which appeared t(»n days 
after onset of typhoid fever. 

Autopsy 245. — O. H., white, aged twenty-one, a farmer, resident of Okla- 
boma, had been in military service twenty-one days. Onset of illness was 
on September 13 with chill, headache, cough and nausea. The patient was 
admitted two days later with the diagnosis of acute bronchitis. On Sep- 
tember 20 the abdomen was tense, the spleen was enlarged and rose spots 
were present. Signs of lobar pneumonia were found September 23. Death 
occurred September 25, twelve days after onset of typhoid fever and two 
days after recognition of pneumonia. 

Anatomic Diagnosis. — Typhoid fever with necrotic ulcers in lower ileum 
and in colon; hyperplasia of ileocecal lymphatic nodes; acute splenic tumor; 
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jf&Tcnehymiitoua d«^gon«^ration of liver and kidneys: aeute 1o>*ar pneumonia 
with f^Tuj hepatization in left lower lol« and red bef^tization and edema 
in left upper lobe and in right lun^: serofibrinous pleurisj on left side. 

The left pleural eavity contains 75 e.e. of yellowish gray turbid fluid. 
Over the left lower lol^ there is a layer of fibrin. The upper half of the 
lobe is firmly consolidated, pinkish gray and coarsely granular: the bronchi 
contain plugs of fibrin. The lower and fiosterior part of the lower lobe is 
consolidate^! deep red and edematous. The left upper lobe is edematous and 
a layer in the lowermost part in contact with the lower lobe is deep red 
and consolidated. The left lung weighs 1,490 grms. The lower half of the 
right upper loin? and the pf>sterior border of the lower is consolidated deep 
re^l and edematous; the lung weighs 970 grms. 

Bactcriologic examination shows that the blood of the heart contains 
Pneumococcus II atypical. 

Tho foregoing autopsy is of interest because tj'pieal lobar 
pneumonia appears to have spread from the left lower lobe, 
where consolidation is finn and gray, to the adjacent part 
of the upper lobe where consolidation is red and edematous. 

The second instance of pneumonia following typhoid 
fever is an instance of suppurative pneumonia caused by 
S. aureus. 

Autopsy 329. — J. B., white, aged twenty-two, laborer, resident of Okla- 
homa, had boon iu military service two days before onset of symptoms of 
typhoid fever. He was admitted to the hospital on August 27 and B. 
typhosus was found in cultures from the blood on September 2 and 3. 
Acute bronchitis appeared on September 26 when the epidemic of influ- 
enza had almost reached its height. A diagnosis of bronchopneumonia was 
made on the day preceding death, which occurred forty-one days after 
onset of typhoid fever and eleven days after onset of bronchitis. 

Anatomic Diagnosis. — Typhoid ulcers of ileum; acute splenic tumor; 
acute bronchopneumonia with red hemorrhagic peribronchiolar and lobular 
consolidation in right lung; multiple abscesses forming a circumscribed group 
in left upper lobe; jmrulent bronchitis. 

The pleural cavities contain no excess of fluid. The lungs are voluminous 
and there is interstitial emphysema. Below the pleura arc bluish red spots 
of lobular consolidation; in the right upper lobe is a large patch of red 
consolidation marked by yellowish gray spots in clusters. In the external 
and upper part of the left upper lobe is a patch of gray consolidation 
within which, beneath the pleura, there arc small abscesses grouped to form 
a cluster 1.5 cm, across. 

Bactcriologic examination demonstrates no microorganisms in the blood 
of the heart; of two cultures from the left lung one contains S. aureus in 
pure culture, the other S. aureus and a few colonies of Pneumococcus IV. 
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Cultures from the left main bronchus and from the mucopurulent exudate 
in a small bronchus both contain B. influenzce, S. aureus and Pneumococcus IV. 

In the foregoing case bronchitis has appeared thirty 
days after onset of typhoid fever on September 26, imme- 
diately preceding the height of the epidemic of influenza. 
In association with hemorrliagic bronchopneumonia there 
is suppurative pneumonia with small abscesses forming a 
circumscribed group below the pleura; there is no em- 
pyema. The lesion has the characters of the staphylococ- 
cus abscesses following influenza, and S. aureus is found 
in association with the lesion; B. influenzae is identified in 
two cultures from the bronchi. 

In 2 instances pneumonia was associated with parotitis 
which was diagnosed mumps. 

Autopsy 403. — C. T., colored, aged twenty-fiv^e, a laborer, resident of Ar- 
kansas, had been in military service one month. Illness began September 
27 with swelling of face behind jaw and difficult mastication; the patient 
was admitted to the hospital on the same day with the diagnosis of mumps. 
Pneumonic consolidation was recognized on October 8. Death occurred Octo- 
ber 13, sixteen days after onset of illness and six days after recognition of 
pneumonia. 

Anatomic Diagnosis. — Acute lobar pneumonia with red and beginning 
gray hepatization of lower and parts of upper and middle right lobes; acute 
bronchopneumonia with lobular consolidation in left lung; purulent bron- 
chitis; bronchiectasis in left lung. 

The lower lobe of the right lung with the exception of the anterior and 
basal edge is firmly consolidated; the posterior part of the middle lobe and 
a small corner at the posterior and lower part of the upper lobe is similarly 
consolidated. The consolidated tissue is gray and coarsely granular on 
section. The remainder of the lung is dry and voluminous, and the bronchi 
contain purulent fluid. The left lung contains red and gray patches of 
consolidation, from 0.2 to 3 cm. across. Bronchi contain purulent fluid and 
in the lowermost parts of both ui>per and lower lobes are moderately 
dilated. 

Bacteriologic examination shows that the blood of tho heart contains 
Pneumococcus III. 

It is notewortliv that tliere was in this case, as in manv 
instances of influenza, both lobar and bronchopneumonia. 
Purulent bronchitis was present and there was bronchiec- 
tasis throughout one lung. 
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111 the following ease the diagnosis of mumps may be 
questioned since the lesion of the parotid has characters of 
terminal suppurative parotitis. 

Antopsjr 417. — H.WJ)., white, aged twentv-four, a farmer. rtR^tmt of 
Oklahoma, had been in military service one month. He said that he ha«l 
had pneumonia four times. He was admitted to the hospital deliricMis and 
the diagnosis of lobar pneumonia was made. Parotitis regarded as mcmps 
appeared five days before death and suppuration ocenrred on the right 
side of the face. Death of the patient occurred thirteen days after admis- 
sion to the hospital. 

Anatomic Diagnosis. — Acute bronchopneumonia with lobular eonaolidji- 
tion in both lungs; suppurative pneumonia with necrosis and beginiiiiig ab- 
scess formation in left lung; purulent pleurisy in left side: pomlent bron- 
chitis; bronchiectasis; acute parotitis. 

The left pleural cavity contains 100 c.c. of purulent fluid of creamy con- 
sistence. The left lung is voluminous and bound to the chest wall in places. 
There arc numerous patches of lobular consolidation. At the apex of the 
lung there is a large area of consolidation, 7 cm. across, where the tissue 
is cloudy gray and soft in consistence. In the upper lobe is a well-defined 
patch of grayish yellow color, 6 by 2 cm., with opaque yellow edges: puru- 
lent fluid escapes from the cut surface. Bronchi throughout the lung are 
widely dilated and contain purulent fluid. The right lung is voluminous 
and contains lobular patches of consolidation; bronchi of this lung are widely 
dilated. 

liacteriologic examination 6hows the presence of hemolytic streptococci 
in the blood of the heart; hemolytic streptococci and B. influenzae in the 
lung, and hemolytic streptococci, B. influenzae and S. aureus in a main 
bronchus. 

In association with bronchopneumonia there have been 
necrosis and bofi^inning abscess formation with empyema, 
tlie suppurative lesions being caused by hemolytic strep- 
tococci whidi had finally entered the blood stream. There 
was purulent bronchitis, and the lungs had the voluminous 
character often associated with this lesion; there was be- 
ginning bronchiectasis. B. influenzae was obtained both 
from the lung and from the bronchus. 

In 2 instances (Autopsies 323 and 335) the diagnosis of 
scarh»t fc^ver was made in patients suffering with pneu- 
monia following influenza. These lesions have been in- 
cluded in the list of influenzal pneumonias. In the follow- 
ing instance the patient was admitted with scarlet fever, 
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later developed acute follicular tonsillitis, and finally sup- 
purative pneumonia caused by hemolytic streptococcus. 

Autopsy 311. — E. J., white, aged twenty-two, a tinsmith and automobile 
repairer, resident of Arkansas, had been in military service three months. 
Onset of illness was on September 18 with headache and sore throat. The 
patient was admitted September 24 with the diagnosis of scarlet fever; two 
days later there was acute follicular tonsillitis. Pneumonic consolidation 

on the right side was recognized October 2, three days before death. 

Anatomic Diagnosis. — Acute suppurative pneumonia with three small ab- 
scesses below pleura of right lower lobe; acute fibrinopurulent pleurisy on 
both sides; serous pericarditis. 

The right pleural cavity contains 1500 c.c. of turbid, dirty yellow fluid 
containing masses of fibrin; the left cavity has 500 c.c. of similar contents. 
The pericardium contains 30 c.c. of turbid fluid containing a small quantity 
of fibrin; there are ecchymoses below the epicardium. The right lung is col- 
lapsed and in the lower lobe contains three small subpleural abscesses, the 
largest of which is 1.5 cm. across. 

Bacteriolog^c examination shows the presence of hemolytic streptococci in 
pure culture in the blood of the heart and in the right lung. From the 
right main bronchus are obtained hemolytic streptococci, B. influenzae, 
Pneumococcus IV and a few staphylococci. 

In this instance there has been infection with strepto- 
coccus which is a common sequela of scarlet fever. In the 
absence of evidence of bronchopneumonia there has been 
abscess formation below the pleura with empyema and 
pericarditis. B. influenzae has been found in the bronchus. 

The pneumonias found in association with measles re- 
produce the characters of the pneumonias described in as- 
sociation with influenza. Particularly noteworthy is tlie 
occurrence of lobar pneumonia, hemorrhagic peribronchio- 
lar pneumonia, interstitial suppurative pneumonia, severe 
bronchitis with bronchiectasis and unresolved bronchopneu- 
monia. In the presence of an epidemic of influenza at- 
tacking more than one fourth of the population of a camp, 
those suffering with diseases, such as measles, typhoid 
fever, mumps, etc., are unlikely to escape entirely, and it 
is probable that the tendency to the occurrence of pneu- 
monia present in association with these diseases will be 
increased. The close resemblance between the pneumonias 
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which we have found with the diseases mentioned, on the 
one hand, and the pneumonias of influenza on the other, 
both beiiifi: characterized by tlie occurrence of hemorrhagic, 
suppurative and chronic puhnonary lesions, indicates that 
influenza has had a part in tlie production of the pneumonia 
found with measles and some other infectious diseases dur- 
ing the progress of the epidemic of influenza. 



CHAPTER VII 

SUMMARY OF THE INVESTIGATION AND CON- 
CLUSIONS REACHED 

Eugene L. Opie, M.D. 

There is no reason for believing that the influenza which 
prevailed in this country differed in any essential feature 
from that of previous epidemics and particularly of the 
pandemic of 1889-90. Our studies have shown that an or- 
ganism Avith the mori^hologic and cultural characters of B. 
influenzae of Pfeiffer has been constantly found in associa- 
tion with the disease, and so frequently demonstrated in 
association with its pulmonary complications that there is 
little doubt of its constant presence. The bronchial and 
pulmonary complications of influenza present characters 
which, while varied, are not usually observed in the absence 
of epidemic influenza, and in this pandemic agree with those 
of the former pandemic so far as it is possible to determine 
from the descriptions available. 

Especially noteworthy is the severity of the changes 
within the bronchial passages. Clinical studies have shown 
that purulent bronchitis has occurred in 36 per cent of in- 
stances of influenza. The sputum with this condition has 
contained B. influenzae in all instances, but although there 
were no signs of pneumonia it has been constantly associ- 
ated wuth other microorganisms, namely, pneumococci (in 
11 of 13 instances), S. hemolyticus, S. viridans, M. catar- 
rhal is, etc. 

Identification of the bacteria which have been present 
in the bronchi of those dead with pneumonia following in- 
fluenza have determined what microorganisms have pene- 
trated into the lower respiratory passages. B. influenzae 
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has been found so frequently (80 per cent) that there is 
good reason to believe that it has been constantly present 
and has not been isolated in evers^ instance because it has 
been overgrown by other microorganisms on the plates or 
after long continued illness has disappeared from the bron- 
chi. Mixed infections of B. influenzae and other microor- 
ganisms are constantly found in the inflamed bronchi; com- 
binations of B. influenzae and pneumococci, B. influenzae and 
hemolytic streptococci or these combinations with staphylo- 
cocci or the four organisms together are common. Other 
microorganisms such as B. coli, S. viridans, M. catarrhalis 
and diphtheroid bacilli are not infrequently associated with 
those which have been mentioned. 

Purulent bronchitis has been found in 137 of 241 autop- 
sies; its bacteriology differs in no respect from that which 
has just been described and indeed no line can be drawn 
between this condition and the bronchitis invariably pres- 
ent with the pneumonias of influenza. Other evidence of 
profound injury to the bronchi is the frequent occurrence 
of hemorrhage in a zone ensheathing the smaller bronchi, 
and the common occurrence of bronchiectasis when the 
fatal disease has lasted more than two or three weeks. 

Microscopic study demonstrates that the changes in the 
bronchial walls are such as destroy the defences against 
invasion by microorganisms. The bronchial epithelium 
undergoes destruction which is not infrequently limited to 
the superficial ciliated cells, but often complete loss of epi- 
thelium occurs. The mucous glands of the larger bronchi 
exhibit a special susceptibility to injury, and in the early 
stages of the lesion profound degenerative changes are 
found in the secreting cells, whereas at a later stage chronic 
inflammatory changes are almost invariably present. 

Pneumonia following influenza is in most instances bron- 
chopneumonia, but typical lobar pneumonia has been found 
in autopsies representing 40.7 per cent of pneumonias of in- 
fluenza. Lobar pneumonia is frequently accompanied by 
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purulent bronchitis, and in a considerable number of au- 
topsies (34 of 98 with lobar pneumonia) lobar and broncho- 
pneumonia have occurred in the same individual. 

Statistics based upon the clinical diagnosis of lobar and 
bronchopneumonia following influenza are so inaccurate 
that they have little if any value. Notwithstanding care- 
ful study of the symptomatology of the disease, lobar 
and bronchopneumonia following influenza are not ac- 
curately distinguishable by the means usually employed, 
and an erroneous diagnosis has been recorded on the pa- 
tient's history in 36.6 per cent of 227 fatal cases with au- 
topsy. A diagnosis of suppurative pneumonia is rarely if 
ever made. The difficulties of diagnosis are in part ex- 
plained by the frequent association of lobar pneumonia 
with purulent bronchitis, with bronchopneumonia or with 
both, and by the occurrence of bronchopneumonia with con- 
fluent lobular consolidation involving a large part of a lobe 
or whole lobes. 

There are many defects in the present knowledge of 
the symptomatology of the pneumonias under considera- 
tion. The symptoms of suppurative pneumonia are not 
clearly defined. Many of these deficiencies might be sup- 
plied by further application of the time-honored method of 
comparing the clinical course of the disease wdth the 
changes found at autopsies, supplemented by bacteriologic 
studies made during life and confirmed after death. 

With peribronchial pneumonia bronchi of medium size, 
on the cut surface of the lung, are surrounded by sharply 
defined zones of pneumonic consolidation perhaps 0.5 cm. 
in radius, and this lesion furnishes conclusive proof that 
the inflammatory process can extend directly through the 
bronchial wall reaching all alveoli within a limited dis- 
tance for these alveoli bear no relation to the distribution 
of the terminal bronchi of the affected bronchus. This 
peribronchial pneumonia is usually characterized by fibrin- 
ous exudate, and pneumococcus has been found either in 
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worthy that this distribution of types is in sharp contrast 
with the lobar pneumonia of civil life with wliich Types I 
and II constitute the cause of two-thirds of all instances, 
and is in agreement with the etiology of the pneumonias 
found in an army camp (Funston) in the absence of in- 
fluenza in epidemic proportion. 

Bronchopneumonia. — Bronchopneumonia is associated 
with intense bronchitis penetrating to the finest bronchioles 
and is characterized by consolidation distributed in such 
definite relation to the bronchial tree that dissemination 
of the inflammatory irritant by way of the bronchi is evi- 
dent. Consolidation occurs (a) in foci affecting alveoli 
in immediate proximity to the respiratory bronchioles and 
in consequence clustered about the terminal bronchi, the 
intervening alveolar tissue containing air; (&) in foci of 
the same character surrounded by intraalvoolar hemor- 
rhage whch occupies all alveolar tissue between adjacent 
foci; (c) throughout whole lobules or groups of lobules, 
intervening lobules being unaffected ; (d) surrounding bron- 
chi of medium size like a sheath. 

The lobar pneumonia of influenza is characterized by 
frequent association with purulent bronchitis and broncho- 
pneumonia. The bronchopneumonia of influenza exhibits 
characters which serve to distinguish it from other forms 
of bronchopneumonia; (a) The associated lesions of the 
bronchi are unusually severe; purulent exudate accumulates 
wuthin the lumen and the lining membrane is destroyed. 
(6) Pneumonia is frequently hemorrhagic with accumula- 
tion of blood within the alveoli and within and surrounding 
the bronchi, (c) There is unusual susceptibility of the in- 
jured bronchi and of the pulmonary tissue to secondary in- 
vasion by streptococci and staphylococci with consequent 
necrosis and suppuration, (d) Bronchiectasis frequently 
accompanies bronchitis, {c) Bronchopneumonia frequently 
fails to resolve and the lesion assumes the character of a 
chronic pneumonia. 
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With bronchopneumonia pneunioeocci are found with B. 
influenzae in the bronchi and lungs in nearly half and in 
the blood in approximately one-third of instances of the 
disease, but hemolytic streptococci, staphylococci, S. viri- 
dans, B. coli, M. catarrhalis and other microoi-ganisms are 
ver>' fre^fuently found in various combinations: they un- 
doubtf^lly have a part in the production of the lesion. 
Mixed infection of the lung and even of the blood with pneu- 
nioeocci and hemolytic streptococci is often found, and 
study of the sputmn during life has repeatedly sho>\Ti that 
pneunioeocci alone are present shortly after the onset of 
the disease, whereas hemolytic streptococci appear later 
or are first discovered at autopsy. In such instances pneu- 
nioeocci have not infrequently disappeared from the lung 
and at autopsy hemolytic streptococci alone are demon- 
strable. 

The part which B. influenzae has in the production of 
bronchopneumonia is of great interest. This microorgan- 
ism is demonstrable bv cultures in at least three-fourths 
of all instances of bronchopneumonia but is obtained from 
the inflamed hmg tissue in less than half. In no instance 
of pneumonia have we found B. influenzae unassociated with 
other microorganisms, whereas repeatedly pneunioeocci 
have been the only microorganism demonstrable in the 
lung and very frequently the only organism present in the 
blood. In view of the difficulty of demonstrating the mi- 
croorganism in plates overgrown by other bacteria, it is 
probable that its incidence in the bronchi is much higher, 
if it is not constantly present, whereas its isolation from 
the lung is in part referable to its presence in the small 
l)ronchi where it can be readily demonstrated by cultures 
or l)y microscopic preparations. We have been almost uni- 
formly unsuccessful in demonstrating the microorganism in 
the alveoli of the lung. Goodpasture and Burnett,^ who 

Kioodpasture, K, W., and I^uriiett, F. L. : The Pathology of Pneumonia Accompany- 
ing Influenza, U. S. Xav. Med. Bull., 1919, xiii. No. 2, P. 21. 
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have devised a special method for the demonstration of B. 
influenzae in tissues, have found few of these microorgan- 
isms in the alveoli of the lungs. 

Pneumonia characterized by the occurrence of small 
(peribronchiolar) spots of leucocytic pneumonia upon an 
almost homogeneous background of intraalveolar hemor- 
rhage, was regarded by Pfeiffor as the characteristic lesion 
produced by his microorganism. B. influenzae in our autop- 
sies has borne the same relation to this lesion which it has 
exhibited to other forms of bronchopneumonia; pneumo- 
cocci have been present with approximately the same fre- 
quency and hemolytic streptococci have often been found. 

Streptococcus Pneumonia. — The occurrence of strepto- 
coccus pneumonia with suppuration occurring in the trail 
of influenza was frequently observed during the pandemic 
of 1889-90. It is now well recognized that the streptococcus 
concerned is one capable of causing hemolysis. Suppura- 
tive pneumonia referable to hemolytic streptococci is of 
two types which are readily separable by their anatomic 
characters: (a) One or several abscesses are situated below 
the pleura and accompanie<l by empyema. Their relation to 
severe lesions of the l)ronchi is not infrequently demon- 
strable, for a destructive lesion of the bronchial wall has 
penetrated into the surrounding alveolar tissue so that ne- 
crosis of tissue and subsequent abscess formation occur i 
continuity with the bronchial lumen. The localization of 
the abscess below the pleura is referable to the greater 
severity of the lesions of the small bronchi which are most 
numerous at the periphery, to the greater severity of these 
bronchial lesions at the bases of the lung, and to the rela- 
tion of lymphatics within the interior of the lung to those 
of the pleura. It is not improbable that stasis of lymph 
caused by thrombosis of the lymphatics has a part in the 
production of abscess. Preceding or accompanying al)- 
scess formation, the lung tissue undergoes consolidation and 
in a wide area al)out the abscess has a homogeneous gray 
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cloudy apiK^araiice occasionally mottled by opaque patches 
of necrosis, ib) Interstitial suppurative pneumonia is a 
Ie>ion not infrequently found in association with influenza 
«21 times among 241 autopsies) and rarely, if ever, seen in 
its ahsence. Tliere are few references to this lesion in the 
piatliologic literature of the English language and those of 
f fi-nnan origin in great part refer to the period of the pan- 
demic of 1SS9-W. The lesion is essentially suppurative 
h-uiphangitis, and both thronilK)sis and suppuration of the 
lymphatics are widespread throughout the affected lung. In 
proximity to the inflame<l lymphatics and the surrounding 
interstitial septa, lung tissue throughout parts of the lobes 
i^r even throughout a whole (lower) lobe has undergone 
«N>tts<iilidat!on and has the gray, cloudy appearance of strep- 
HvMNXVus pneumonia. 

Slaplijdoooociis Pneumonia. — Abscesses produced by 
stiiphyliH\xiu differ in anatomic characters and sequehe 
frvKti those causeil by hemolytic streptococci. Small ab- 
skvs^^ oe^nir in one or several localized clusters : these ab- 
svvs^s* s ;ir\^ irroupeil about a bronchus and have their origin 
i!i i:s terrrutial branches. This relation may be readily dem- 
v^tis:r:itt\l ill microscopic sections. The lesion tends to re- 
ti.Ai:i Uvattztnl and pneumonic consolidation is limited to 
tlu* utiriu\itate neighborhooil of the group of abscesses. 
Tli^*r\^ t> no lymphangitis and the lesion is not accompanied 

SmpviHuaL - Knipyema is almost invariably associated 
\\u':s >uf*{Htr;itive pneumonia caused by hemolytic strep- 
tsvvsv;. Ar*ionir our autopsies purulent fluid has been 
u^UaI ;:; rr.o pleund cavity aT) times; it occurred 15 times 
s^vv.A>r.i: ITS i!:>!cuuvs of lobar or bronchopneumonia and 50 
Kir-OS cur,or<i: (^^ instamvs of suppurative pneumonia re- 
N'ssi^H^ to S, liouiolyticus. In our experience hemol5^tic 
vr^y^f^txSxHvi :uui pneuniocixvi are the only microorganisms 
wJuv'J; exiubit a noteworthy capiicity to penetrate from the 
bui^ ^^ 5!to i^lounU cavity. AVe have not found nonhemo- 
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lytic streptococci {e.g., S. viridaiis) in association with em- 
pyema. 

Staphylococcus has failed to invade the pleural cavity 
even when a pulmonary abscess has been present below the 
pleura, and in the only instances in which staphylococci 
have been isolated from the pleural cavity thoracotomy had 
been performed for empyema caused by hemolytic strep- 
tococci (2 instances) or an abscess communicating with both 
bronchus and pleura. B. influenzae has been found in the 
pleural cavity with empyema only once and in this instance 
cannot be regarded as the cause of the lesion, for it has 
accompanied hemolytic streptococci. 

Bronchiecta.sis. — Bronchiectasis has been frequently 
found as a sequela of the severe bronchitis of influenza and 
there has been abundant opportunity to study the lesion 
in process of dev^elopment. These observations have fur- 
nished a satisfactory explanation of its etiology and patho- 
genesis. Infection of the bronchi by B. influenzae, accom- 
panied by a variety of other microorganisms, notably hem- 
olytic streptococci and staphylococci, has caused profound 
changes in the bronchial wall beginning with destruction 
of the epithelial surface, and followed by necrosis pene- 
trating partially or comi)letely through the wall and oc- 
casionally extending into the surrounding alveolar tissue. 
The difference between the atmospheric pressure within 
the bronchi and the lower inspiratory pressure within the 
surrounding alveoli, accentuated by forced inspiration at 
intervals and l)y occlusion of the bronchioles with mucopur- 
ulent exudate, ruptures the necrotic tissue and produces 
longitudinal fissures Avhich are recognizable both macro- 
scopically and microscopically. In consequence of the sep- 
aration of the edges of these fissures by intrabronchial pres- 
sure the circumference is increased. These rents in the 
wall are limited and partially healed by fil)rinous pneu- 
monia about them, by new formation of fil)rous tissue from 
the bronchial wall, and adjacent interalveolar septa, by 



368 PNEUMONIAS AND INFECTIONS OF RESPIRATORY TRACT 

organization of fil)rin witliin adjacent alveoli and finally by 
growth of epithelium over the denuded surfaces. 

Bronchitis caused by B. influenzae and pyogenic micro- 
cocci with necrosis of the l)ronchi wall is the essential fac- 
tor in the production of bronchiectasis, but advanced bron- 
chiectasis is found only in those individuals who have sur- 
vived the onset of illness during several weeks, for dila- 
tation under the influence of positive intrabronchial and 
negative extrabronchial pressure occurs slowly. 

Unresolved Bronchopneumonia. — ^Unresolved lobar pneu- 
monia has not been recognized among instances of pneu- 
monia following influenza, but unresolved bronchopneu- 
monia is of frequent occurrence and has well definable gross 
and microscopic characters. There are purulent bronchitis, 
bronchiectasis and distention of the lung tissue, so that it 
fails to collapse; particularly characteristic are the indur- 
ated foci of peribronchiolar pneumonia, which being firm 
and sharply defined, have the appearance of miliary tu- 
l)crcles. When the process is sufficiently long continue<l 
there arc recognizable patches of fibroid pneumonia. Mi- 
croscopic examination shows that the lesion is characterized 
by organization of fibrinous exudate not only within the 
alveoli but Avithin bronchioles as well, and by thickening 
of the alveolar walls, thickening of fibrous tissue about 
the l)ronchi and blood vessels, and thickening of interstitial 
septa. These changes may occur as peribronchiolar patches 
of consolidation, producing tubercle-like nodules, or may in- 
volve areiui of hemorrhagic peribronchiolar or of lobular 
consolidation, or may be limited to the immediate neigh- 
borhood of l)ronchi (peribronchial). 

Xo peculiarity of the bacterial flora of the bronchi or of 
the lung offers a satisfactory explanation of the failure of 
pneumonic exudate to resolve. Mixed infections have been 
common and S. hemolyticus, staphylococci, pneumococci, 
S. viridans, B. coli, etc., have been found in association viith 
B. influenzae Imt the incidence of these microorganisms has 
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not been greater tlian Avitli broncliitis. The lesion lias oc- 
curred in association with B. influenza* and pneuniococci 
unassociated Avith other microorganisms. It seems j)rob- 
able that tlie severity of injury to the bronchial and al- 
veolar walls accompanied by recurring l)acterial invasion 
or by continued infection Avith B. influenzae and one or sev- 
eral cocci, is the factor concerned in the inhibition of reso- 
lution and the production of chronic pneumonia. If the 
disease does not result in early death, chronic pmnimonia 
has an opportunity to manifest itself. 

In this investigation of the bacteriology and pathology 
of influenza and its complications, certain microorganisms 
have been found so frequently that it is desirable to discuss 
the pathogenicity of each and to define the character of 
the lesions Avhich it causes. 

Bacillus Influenzae. — The microorganism has been con- 
stantlv found in association with influenza Avhen cultures 
and animal inoculations have l)een made from various parts 
of the respiratory tract within from one to five days after 
the onset of the disease at a time when there have been 
acute symptoms of the disease. 

It is often identified with difficulty in the presence of 
other microorganisms and may be overlooked when a single 
culture is made. Repeated cultures from the throat alone 
made from the fourth to the eighth day after admission to 
the hospital, at a time when temperature had fallen to nor- 
mal, have demonstrated the presence of B. influenza? in 
30.5 per cent, whereas the incidence of the microorganism 
in similar cultures on admission had been 63.4 per cent. 
The incidence of B. influenza* in tho present epidemic of 
influenza is not less than that found by Pfi^ifFer in the epi- 
demic which he studied in 1892. 

Nevertheless we have found that B. influenza? is fre- 
quently an inhabitant of the mouth and throat of normal in- 
dividuals. By inoculation of mice with the saliva or 
sputum of 76 patients with influenza, the microorganism 
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has been found in 80.3 per cent; by inoculation of mice 
with the saliva of 185 normal men at armv cantonments, it 
was found in 41.6 per cent; by inoculation of mice with 
saliva from 50 recruits immediately after they were as- 
sembled from isolated farming communities where only a 
few cases of influenza had occurred, it was found in 22 per 
cent. Figures for the same groups examined by a single 
throat culture were as follows : 65.7 per cent, 25.9 per cent 
and per cent^ 

Experiments which we have performed on monkeys show 
that inoculation of the nasopharynx with B. influenza? ob- 
tained from patients with influenza is followed by ill- 
defined symptoms associated with the presence of B. in- 
fluenzae within the throat. After from two to eleven davs 
the symptoms and the microorganism disappear. Injection 
of B. influenzae into the trachea causes bronchitis and the 
microorganism may be recovered from the inflamed bronchi 
two or three days after inoculation. 

The constant association of B. influenzae with influenza 
suggests that it is the cause of the disease. Its widespread 
occurrence in the throats of normal individuals does not 
contradict this view, since pneumococci long indistinguish- 
able from those which usually cause lobar pneumonia are 
commonly found in the throats of healthy men. It is pos- 
sible that B. influenzae is a secondary invader, entering the 
respiratory tract when susceptibility is increased by an un- 
knoAvn virus causing influenza; but there is no convincing 
evidence in favor of this view. It is desirable to determine 
if microorganisms having the characters of B. influenzae 
found with influenza differ in type from those found in the 
throats of healthy men and if the invasion of the respiratory 
tract by B. influenzae is followed by the appearance of im- 
munity reactions in the serum of the patient. Experiments 
on monkeys demonstrate the pathogenicity of the micro- 
organism. 
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The relation of B. influenza? to the bronchitis of influenza 
indicates that it has a part in the production of the pul- 
monary sequelae of influenza. The microorganism has 
been found by a single culture from the broncliial passages 
in 80 per cent of instances of bronchitis with fatal pneu- 
monia following influenza and is probably constantly pres- 
ent, usually in immense number, in the bronchial mucus. 
It is ol)tained from the pneumonic lung in only about 40 
per cent of instances, and microscopic examination of pre- 
pared tissue shows that a bacillus with the morphology of 
B. influenza) is often demonstrable in the bronchial pas- 
sages but seldom in the alveoli of the lung. The microor- 
ganism is well adapted to multiply under conditions present 
in the bronchi but doubtless readily disappears from the 
alveoli Avhich are the site of an inflanmiatorv reaction. The 
microorganism has an important part in the production of 
the associated mucopurulent and hemorrhagic inflammation 
of the bronchi, but it is rarely if ever found in pure cul- 
ture, being associated with a considerable variety of pyo- 
genic cocci and occasionally bacilli. Infection of the bron- 
chi with B. influenza? in immense numbers offers an ex- 
planation of the severity of the inflammatory process within 
the bronchi, and of the subsequent dilatation and other 
chronic changes which occur in them. The presence of 
the microorganism and the accompanying injurj^ to the cil- 
iated epithelium and mucous glands are important factors 
in lowering the resistance of the bronchial passages to 
secondary bacterial infection. 

We have obtained no evidence that B. influenzae alone 
is capable of causing pneumonia. Its occurrence in less 
than half of all pneumonic lungs is explainable, in part at 
least, by its presence in the terminal bronchi which are cut 
across whenever the lung is punctured for culture. B. in- 
fluenzae alone has been found only once among 153 pneu- 
monic lungs from which cultures were made, and in this 
instance (Autopsy 487) S. hemolyticus present in the blood 
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of tli(» lioart, pl(uiral cavity and l)roiichiis doubtless had a 
l)art ill tlic i)rodu(*tioTi of the associated pneumonia. Pfeif- 
f(»r maintained tliat the h'sion we have designated hemor- 
rhagic ])eribronchiohir consolidation was characteristic of 
infcM'lion with liis n]icroor<2^anisnis. With this lesion B. 
influenza* lias been found in the lungs in slightly more than 
Iialf of (mr autopsies but never alone, pneumococci being 
found in a third, hemolytic streptococci in more than a half 
and staphylococci in a fourth of the lungs examined. 

B. influence has relatively little capacity to penetrate 
from the broiichi into the lung tissue and rarely penetrates 
into the pleural cavity (once with Pnemnococcus III, once 
with S. hiMuolyticus and once in pure culture), and only 
onc(* has it be(»n found in the blood of the heart, in this 
instance in company with S. hemolyticus. Capacity of the 
niicroorganism to ])enetrate from the bronchi into other 
tissues, both in man and as our experiments have showni 
in the moiikey, is increased by association with i)yogenic 
cocci. 

Pneumococcus. — Tjobar pneumonia following influenza, 
like lobar i)n(»umonia in civil life unassociated Avith in- 
fluenza, has biHMi caused by pneumococci, but there is the 
notable dilTeri^nci* that the ])neumococci usually found are 
tliose types which are commonly present in the mouths of 
lu^altliy nuMi, namely. Types IV, III and atypical IT and 
not the so-calbnl flxed types, namely, Ty])es I and II, Avhicli 
represent tlu* usual cause of lobar pneumonia unassociated 
with influ(Miza. It ai>p(*ars that influenza increases suscep- 
tibility to h)bar pncuuuonia, so that it is frequently caused 
bv microoriranisms which under other conditions are less 
(*apable of ])roducing this lesion. The association of the 
]Hi(nimococei usually found in the mouth with the lobar 
pneumonia of influenza does not (exclude the possibility that 
pmnunococci transmitttnl from one individual to another, 
wluMi lu^wly re(*ruittMl troo])s are brought together, have 
an important part in the i)roduction of pneumonia. 
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Bronchopneumonia is f roquently caused by pneumococci 
and tlie types which are recovered from the lung and l)lood 
do not differ from those found with lobar pneumonia, those 
usually present in the mouth being predominant, but the 
incidence of pneumococci with bronchopneumonia has been 
much less than with lobar pneumonia. Both lobar and 
bronchopneumonia caused by pneumococci have undergone 
secondary infection with hemolytic streptococci in a large 
proportion of instances and both pneumococci and strep- 
tococci are often recovered at autopsy. Nevertheless, the 
bacterial flora of the bronchi and lungs is much more varied 
with broncho than with lobar pneumonia, and it is evident 
that microorganisms other than pneumococci are capable 
of causing bronchopneumonia. 

In instances of bronchopneumonia associated with pneu- 
mococci, fibrin has been abundant in the alveolar exudate. 

The pneumococcus exhibits a notable tendency to pro- 
duce an inflanmiatory process which extc^ids through the 
bronchial Avails and from one alveolus through the alveolar 
walls to those adjacent, for in 6 instances in which the 
bronchi were surrounded by pneumonic consolidation rec- 
ognizable at autopsy, pneumococci were uniformly the 
causative agent, Pneumococcus Type II, otherwise rarely 
found, l)eing present in half of these cases. 

Pneumonia caused by one type of pneumococcus does 
not necessarily confer immunity from other tyi)es of pneu- 
mococci, and with somewhat limited opportunity we have 
observed a number of instances in which, following recov- 
ery from pneumonia caused by one type of pneumococcus, 
a second attack of pneumonia, usually fatal, has been as- 
sociated with pneumococci of a different type. This re- 
curring inicuinonia in a consideral)le jnoportion of the rela- 
lively small number of instances ol)serve<l lias l)een pro- 
duced l)y l^iKunnococcus Tyi)e II which otherwise has been 
seldom found among the cases which we have studied. The 
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virulence of this microorganism doubtless explains its abil- 
ity to cause recurrent pneumonia. 

Streptococcus Hemolyticas. — Secondary infection with S. 
hemolyticus is a common event during the course of lobar 
pneumonia following influenza. It is noteworthy that this 
streptococcus infection of the lung has almost invariably 
occurred in the stage of red hepatization, whereas with gray 
hepatization, when the alveoli are filled with poljnmclear 
leucocytes, S. hemolyticus rarely invades the lung. It is 
possible that infection with S. hemolyticus tends to prolong 
the stage of red hepatization. 

The most significant change produced in the pneumonic 
lung by streptococci is necrosis. When after death with 
lobar pneumonia hemolytic strei^tococci, usually associated 
with pneumococci, are found both in the lungs and blood 
of the heart, the lung contains patches of necrosis recog- 
nized microscopically, in which the alveolar walls and ex- 
uded cells have uniformly lost their nuclei. Microscopic 
examination demonstrates the presence of chains of strep- 
tococci in immense number in these necrotic foci ; elsewhere 
chains of streptococci occur but are much less abundant. 
In some instances streptococci exhibit a tendency to enter 
lymphatics and to cause acute lymphangitis with lymphatic 
thrombosis and edema of the adjacent interstitial tissue. 

Hemolytic streptococci have been more frequently found 
in association with broncho- than with lobar pneumonia. 
In 24.5 per cent of instances of lobar pneumonia, doubtless 
in all instances caused by pneumococci, hemolytic strep- 
tococci have invaded the lungs and in 12.6 per cent of in- 
stances have found their wav into the blood With bron- 
chopneumonia hemolytic streptococci have been obtained 
from the lungs in 29.8 per cent of instances and from the 
blood of the heart in 34.3 per cent. 

Witli lobar pneumonia there is little doubt that piieu- 
mococcus has l)een the primary cause of pneumonia, but 
with bronchopneumonia pneumococci have been less fre- 
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quently found. It is difficult to determine how often hem- 
olytic streptococci have invaded a bronchopneumonic lesion, 
caused by pneumococci because pneumococci tend to disap- 
pear. In numerous instances in which the sputum had been 
studied during life, it w^as evident that pneumonia w^as pri- 
marily referable to pneumococci, and hemolytic streptococci 
made their appearance in the sputum late in the disease or 
were first recognized at autopsy. 

AVhen hemolytic streptococci occur in association with 
bronchopneumonia, foci of pulmonary necrosis similar to 
those found under the same conditions with lobar pneu- 
monia have been repeatedly found by microscopic exam- 
ination. In the patches of necrosis, cocci in chains are 
much more abundant than in the tissue elsewhere. 

In some instances of pneumonia, caused by hemolytic 
streptococci, opaque gray or yellowish gray patches of 
necrosis occur upon a background of flaccid homogeneous 
consolidation which has a peculiar cloudy, gray color. 
This mottled consolidation may implicate an entire lower 
lobe and has the characteristic features neither of lobar 
nor of bronchopneumonia. More frequently the lesion is 
less widespread and necrosis occurs in one or several spots 
which undergo softening so that finally a small abscess 
cavity may be formed ; it is surrounded by pneumonic con- 
solidation which is^soft and has the cloudy appearance de- 
scribed above. These pulmonary abscesses are almost in- 
variably situated below the pleural surface; the adjacent 
pleural cavity is infected by streptococci and there is puru- 
lent inflammation of the pleura. 

Streptococcus infection, which has been described, doubt- 
less has its origin in the bronchi, for in favorable sections 
it is not infrequently possible to demonstrate that necrosis 
extends tlirough the bronchial walls into the surrounding 
alveolar tissue and is followed by suppuration with abscess 
formation. Localization of abscesses below the pleura is 
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in part at loast referable to transinission of streptococci 
by way of the lymi)liatics. 

Streptococci in the lun^, as in other tissues, often invade 
lynipliatics and produce an acute inflammatory reaction 
within and al)ont these* v(»ssels. The peculiar lesion which 
may be desitirnated suppurative interstitial pneumonia is 
a suppurative lymphangitis associated Avith inflammation 
and edema of the interstitial tissue. Lymphatics invaded 
by streptoeocei are the site of acute lymphangitis; occlusion 
l)v fibrinous throml)i occurs and finallv the inmienselv dis- 
t(»nded lymphatics, filled with purulent fluid, take a char- 
acteristic nodular or beaded form and pus flows from them 
when they are cut. Streptococci are present in vast num- 
bers. Suppurative inflannnation may extend to the sur- 
rounding int(»rstitial tissue which is distended by inflam- 
matoiy edema. This interstitial suppurative pneumonia 
extcMids u]) to the pleural surface and empyema is almost 
invariablv associated with it. The lesion is seldom seen 
in the absence of influenza. 

One of the most significant characters of S. hemolvticus 
is its al)ility not only to enter tlie l)ronchi and penetrate 
into the tissue of the lung, but to find its way into more 
distant structures, namely, the pleural cavity, pericardial 
sac and i)eriton(»al cavity and to peni^trate into the blood. 
Among 121 examinations, hemolytic streptococci Avere 
found in the bronchi in 47.9 per cent; among 153 examina- 
tions of th(» lung it was pres(Mit in approximately the same 
l)rop()rtion, namely, ilO.S per cent; among 218 examina- 
tions of the blood it was found in 39 per cent. In 4 of 5 
fatal pneumonias in whi(*h tin* organism has penetrated into 
th(* l)r()nchi it has ultiniately found its way into the blood. 

Nonhemol3rtic Streptococci.— 1 n contrast with S. hemo- 
lvticus nonheniolvtic tvni^s hixvo nxvvW been encountered 
in association with the ])n(nimonias of influenza. S. viri- 
dans has b(H'n found only 5 tim(\< among 1»S3 autopsies in 
wliich eultur(\< have beiMi made from the lung and has been 
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invariably associated with other microorganisms. In no 
instances have nonhemolytic streptococci been found with 
empyema. In one autopsy with lobular bronchopneumonia 
S. viridans has been isolated from the blood of the heart 
and in this instance it has been fomid in the bronchus and 
lung as well. This type of streptococcus is evidently little 
adapted to invade the l)r()nchi and produce lesions of the 
limg and adjacent tissues. 

Staphylococci. — Staphylococci have been very frequently 
isolated from the bronchi in association with the pneu- 
monias of influenza, being found in approximately lialf of 
our autopsies. Their isolation in cultur(»s from the lung 
in a fourth of tlie autopsies examined is in part perhaps 
referable to their presence in the small bronchi cut across 
when the liuig is punctured for culturi^s. S. aureus shows 
little ability to invade the pl(»ura, being found in associa- 
tion with empyema only 3 times : in these autopsies there 
has been opportunity for entrance from the exterior 
through thoracotomy wounds in 2 instances and from a 
bronchus in free communication with an abscess which had 
ruptured into the pleural cavity in 1 instance. 

Abscesses of the lung caused by staphylococci have been 
foimd in a small numlier of autopsies and have exhibited 
characters Avhich differ from those ordinarilv seen in as- 
sociation with S. hemolyticus. Small, sharply defini^d ab- 
scesses are grouped about terminal l)ronclii, so that tlu^y 
occur in one or several isolated clusters. Microscopic ex- 
amination demonstrates that these abscesses have arisf^n 
l)y destruction of the bronchial walls and extension of sup- 
puration into the surrounding alveolar tissue; clumps of 
staphylococci are found in sections through the abscess, 
and cultures made from the pus within the abscess cavity 
demonstrate the presence of S. aureus or albus, but the 
microorganism may be missed if the culture* is made* from 
the adjacent lung tissue. It is noteworthy that there is 
little tendency for the staphylococcus to infect the pleura 
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f ,»- *i-*i2. *ii'»LLn ^ii*-^ *!^"Ts:eT> erf ii>i?-fie>>e> have Ijeen situ- 
i^*-L iii^ 'Jt-jp^^ ti^ 7ij*-i:zT« iLt-rr Las^ lur^n no associateii eni- 

'^~i.T»i^"»'-.v-*i i2i^i -^ruL*: T^iitiriH!-T to enttT the blood and 
iiL^t i»r-^ tiicum^L fr.iTi ti«^ >»ki«>i of the heart onlv once, in 

PuffuniimAE if "BiMi k FT i — Priemrmiua following niea^sles 
ia^ 7*^*1 r-s:*=ii.-?c!if^ t^:-T h c* •usidrrable part of the deaths 
/•r-rrri!;r ir Ti»r TTi-l^t^ Stair^ Army during the period of 
ti»t vtr. Ti.*- iii.> -ntsire irf iijt^>les as a factor in the 
7«r>ira!0.c- jc TOH-iiiLt-rii^ i^ ilhi^tTated bv the historv of 
Til— iiiiiMx.ii £t CiJLT T'lHi^zoii from the establishment of 
"ni- rtaijT i S-:c-i^''»t r, 1 J*1T, until S^-ptember, 191S. Pneu- 
iif.€L2L : ij irLziC int-i^^t^ iict-nnvd throughout the year; 
J»x: 11. i.^^ r-ii^ a irlii Ibr Liirii incidence of measles dur- 
li;r rj»r :?i-i:vui iiilf c-: XvTrmliier and the first half of De- 
c^*T:.>,•^, IrlT, ti.Tr- Ti'a> iLn li-iitbivak of related pneumonia 
c*ij.roc%rr:ri-c ry ::rivDt-z.T t-nipyeina and a mortality of 45.3 
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VV::::.^ :lt ^vr! >.: ■.: i-ur iLLVi-stigation at Camp Funston 
i;^ - r-. Ill :'ii>T> i-: n*i*A>]es, but no pneumonia occurred 
,<::.>:v:,^ ::.••::„ A: v\*i:./i' I'^kt-, during the period of observa- 

*:. ..C-trrtak of nH-a>les almost coincident 
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V :: : - t;:.:v^: : ■- ^ f ::..*^i:irT.32;, and among S67 cases pneu- 
v,>v v.A •:\;::ri\: ::. r»n. v :!::> nxxiia in 4S, and mastoiditis in 
C.v l>;tu:.>v*:,:ri :iC:iVtt:-g mt-asles was almost coincident 

V ::; : ;;: vK i:.:"!:.-.:.?^!. ?i:iii it is not impTx>l^ble that the epi- 
■:.r!:.i ..r.-* ifivi a:: ir:ii>^nant part in the production 

:; ::: :::vi:v:auals sufferins: with measles. 
h: :• , : T^^ i:.>:,-^*:.vns ^-t pneumonia follo\iing measles at 
iVtr,: .^ l\kt . S. ;.i :..o.\ ::i us had invadc^il the luns: and caused 
r::i ;::.:v :;::*: cr.. v.,^ 4> i::>iaiun*s of otitis media following 
)ra\«>^ s n xi r\ .;*rct :^ri'iK»rni»n wen* caused bv hemolytic 
s:n; :v\v\\i, aru; :I1 of i!^^ iii>tances of mastoiditis were 
tvni>^\i b> :ho s;iu;o luiiTi^i organism. Xo complication 
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caused by S. hemolyticus occurred among 37 patients who 
carried this microorganism when admitted to the hospital. 

A special study has been made to determine if those pa- 
tients with measles who carry S. hemolyticus in their 
throats are especially susceptible to complications during 
the course of measles. The low incidence of streptococcus 
*^ carriers" among those admitted to the hospitals with 
measles was noteworthy both at Camp Funston (2.67 per 
cent) and at Camp Pike (4.2 per cent). Indeed, it was 
found at both places that the incidence of hemolytic strep- 
tococci in the throats of normal men in the camp was higher 
(Camp Funston 21.9 per cent; Camp Pike 7.4 per cent) 
than that in the throats of those admitted with measles. 
While in the hospital there was a gradual increase of the 
incidence of S. hemolyticus, so that in three weeks it had 
risen to 19 per cent at Camp Funston and to 26.2 per cent 
at Camp Pike. It seems not improbable that hemolytic 
streptococci disappear from the throat in the early stages 
of measles, so that they are not demonstrable by cultural 
methods. During the course of the disease in the hospital 
ward the number of those with S. hemolyticus has increased 
in some wards with great rapidity, infection being appar- 
ently transmitted from one individual to those adjacent. 
At Camp Funston the incidence of S. hemolyticus in the 
throats of those convalescent Avith measles was ahnost 
identical with that among normal men in organizations from 
which the patients had come, but at Camp Funston the 
percentage of hemolytic *' carriers" among convalescents 
was much higher than that obtained among normal men 
in the camp. 

The demonstration of S. hemolyticus in the throat of a 
patient suffering with pneumonia is not conclusive proof 
that the lungs hav(? been invaded by this microorganism. 
Pneumonia in indivduals carrying S. hemolyticus in the 
throat may pursue a favorable course and exhibit no evi- 
dence that the microorganism has found its way into the 



TS rzL x rixx- ijri' iJ^rECTJOKs of iiespiratoly teact 

'..^^iijz li "^ fiu^ LiKitiw*'^ Lf»in<>h'tic stre])toc(>cci have Ikh-ii 
: -uii- -1 '\t*r Nr'iii'*ij ai autopsy yet none have enterecl the 
iiLi^ r 'L- • »-i tijo the luiiir exliibitf^ uoue of the lesions which 
tr- r^:-rt''j'^ i- ii^iii(»]}"ti<' ^^trejitoeoeci. Nevertheless, the 
'.•?r---_rr-ij'- -f S. ij^ni<»jTticus in cultures from the throat of 
2; jef'r-i' vhi. ]»i.'^'jiiK»]iia suij^^ests the probability that he 
> --r'rr:i^ t:"± sire]»t(»eoe(^s jajeunic^nia. 

Pi.«-u:iL".'iIsi fv^llM-vvjiiir measles studied in IS autopsies 
t;j»-.i Ttai:>::- ttL** di^ durinir (►r shortly after the epi- 
deniic of iLJ^u-iiza. «-xljilw1i-d all the characters exhibited bv 

• 

the j»LieuiL»»Lla- of influ«-nza. In 4 instances there was typ- 
i^-a] J«-iiar i'ii*-uiLi«»nia: bronchopneumonia was found in all 
but 'i iiistaiH-^-, In-iiji: asscn-iated with lobar pneumonia 
t^*!*-*-. All tljH not*-w(»rtln' features of the J)ronchopneu- 
nj^nia of influ^-nza hav«- J>een reproduced among these in- 
st^inces of pn^-umonia with measles: there is sev(*re injury 
to the bron<-hi- and puruh-nt bronchitis has been present in 
13 instanc*-s: jujeumrmia has frequently had a hemorrhagic 
character, hemorrhagic ix-ril>r<^mchiolar pneumonia occur- 
riiiir ill r» instances: s^-ondary infection of the pneumonic 
luni:> with ht^molytic streptococci has been common; bron- 
rhi«-ctasis has In-en assiX'iatiHl with bronchitis (in 8 in- 
stances) when jnirulent bronchitis has persisted several 
w»H-ks: and unr<*solv<Hl bronchopneumonia has been more 
fn'^pK^nt ((i instances or one-third of the autopsi(^s) than 
with influenza. 

The bact^'riolo^y of pneumonia following measles has 
bctii the same as that of influenzal pneumonia. R. influ- 
viv/AV is found with few exceptions in the l)ronchi and much 
hss fre<iu<^ntly in the ])neumonic lungs. 

riieumococci hav(» been obtained from the blood or lungs 
in 5 of lo instances of lobar or bronchopneumonia unac- 
romi^anied by sui)i)uration: when suppuration has been ab- 
sent no hemolytic streptococci have been found. Pneumo- 
oocri roncerned in the production of pncunnonia of nu^asles, 
as with influenzal pneumonia, have been types usually 
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found in tlie mouth; Pnouniococcus II atypical lias been 
found G tiinos, Typo IV onco, Typo I oneo. 

Ilomolytie stroptocooci have invaded the pneumonic lunp^ 
in 5 instances. They have y)roduced sul)pleural abscesses 
accompanied by em])yema in 2 instances. Interstitial sup- 
purative pneumonia, a lesion repi^atedly found in conse- 
quence of secondary infection with S. hemolyticus follow- 
ing influenza and rarely Found in tliis country, at least 
in the absence of an epidemic of influenza, has occurred 
3 times among 18 instances of pinnmionia following measles. 

The foregoing observations show that the pneumonia fol- 
lowing measles, which has occurnnl ahnost coincidentally 
with i)neumonia accompanying epidermic influenza has re- 
])roduced the lesions found with influenzal pneumonia. 
They indicate that influenza attacking patients Avith measles 
has had a part in the production of this pneumonia. 

The Transmission of Streptococcus Pneumonia. — The im- 
portance of streptococcus as a cause of pneumonia follow- 
ing influenza was recognized during the pandemic of 1889- 
90. Pati(*nts suffering with pneumonia following influenza 
or measles are susceptible to infection by S. hemolyticus 
and this stn^ptococcus ])neumonia may be transmitted from 
one patient to anoth(M* throughout a ward in which patients 
with pneumonia are assembled. There is no evidence that 
primaiy pneumonia caused by S. hemolyticus has prevailed 
as an epid(Mnic in the army or elsewhere in the absence of 
preceding infection with influenza or measles. 

Our aut()])sios demonstrate that at least half of all deaths 
which hav(* occurred at Camp Pike have been caused by 
hemolytic slieptococci which have invaded the lung and 
enter(»d the blood. It is significant that this mortality had 
its origin in the first half of the opidcMuic of influenza at a 
time when the military and im^dical organization of the 
camp Avas confronted with an unforseen onu^rgency which 
overwhelmed all agencies for the care of disease. Curves 
jiroparod by referring cases of pneumonia in which au- 
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topsy demonstrated the nature of the fatal infection back 
to the date of the onset of influenza, demonstrate that fatal 
streptococcus pneumonia was frequently acquired during 
the early period of the epidemic, the maximum number of 
cases occurring September 23 and 24 and became grad- 
ually less common as a sequela of the influenza which be- 
gan at a later period. Fatal pneumococcus pneumonia had 
its origin with increasing frequency at a later period, the 
maximum incidence following influenza which had its onset 
September 29 and 30. Overcrowding of influenza patients 
in infirmaries, ambulances and hospital had an important 
part in the dissemination of streptococcus pneumonia 
among influenza patients whose disease might othervsise 
have pursued a benign course. 

The most important factor in the high incidence of strep- 
tococcus pneumonia has been the spread of the disease in 
the hospital wards. On September 24 the base hospital 
contained 2,789 patients, although it had been planned to 
care for only 2,009. AVith tlie progress of the epidemic the 
number of admissions increased very rapidly, so that on 
September 30 the hospital contained 3,587 patients and on 
October 5, 4,233. After September 24 the milder cases of 
influenza were treated in barracks. The pressing need of 
diminishing the overcrowding of the hospital was fully rec- 
ognized and adjacent barracks were transformed into hos- 
pital wards ; between October 3 and 6, 1,362 patients were 
transferred from the hospital to these quarters. 

In the main hospital, during the period of overcrowding 
20 wards for patients with pneumonia were added to the two 
which already existed. These hastily organized and over- 
crowded wards have been attacked by outbreaks of strep- 
tococcus pneumonia, which during certain periods have 
been fatal to more than two-thirds of those who have been 
admitted with pneumonia, whereas in the two long estab- 
lished wards for pneumonia isolated cases of streptococcus 
infection, which have appeared, have failed to spread to 
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other patients and pneumocoeeus pneumonia with few ex- 
ceptions has been found in those who have died. In one 
newly established ward 67.5 per cent of those admitted 
within a period of three days have died, and in all of the 
23 autopsies which have been performed, streptococcus 
pneumonia has been found. In another ward 50 per cent 
of all who have been admitted during a period of one week 
have died, and among the autopsies performed on these 
individuals pneumocoeeus pneumonia has been found in 
6 and streptococcus pneumonia in 14. The sputum of 9 
patients in this ward has been examined on admission, and 
pneumococci, but no streptococci, have been found. All 
these patients have died, and infection with S. hemolyticus 
has been found at autopsy in 7. 

Transmission of Pneumocoeeus Pneumonia. — Our study 
of secondary ward infection has not only shown that pa- 
tients with pneumocoeeus pneumonia following influenza 
are susceptible to infection by S. hemolyticus, but that 
patients suffering with pneumonia caused by one type of 
pneumocoeeus may be infected with another type during 
the course of the disease or after convalescence has begun, 
the second infection being acquired from patients in ad- 
jacent beds. Pneumonia caused by Type IV has ended in 
crisis and has been followed by a period of normal tem- 
perature; recurrent pneumonia has been fatal and Pneu- 
mocoeeus Type II has been found in the organs at autopsy. 
Pneumonia caused by Type I has been followed by recur- 
rent pneumonia caused by Pneumocoeeus II atypical ac- 
quired from a patient in the next bed. These secondary 
pneumocoeeus infections acquired within the hospital are 
apparently not uncommon. 

Prevention of the Transmission of Pneumonia. — The es- 
sential factor in the management of influenza and pneu- 
monia is such isolation of each patient that microorganisms 
cannot be transmitted from one to another or from attend- 
ants or others to patients. This condition may be fulfilled 
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sembled recruits. Should these dangers be recognized they 
may be avoided by appropriate measures which will pro- 
mote rather than retard those military aims which must be 
placed foremost in time of war. It may be possible by ade- 
quate expenditure to avoid the death of thousands of re- 
cruits within one month of their entrance into military 
service. 

A second factor in the increase of death rate from pneu- 
monia is the overcrowding and confusion of hospital facil- 
ities in the presence of an epidemic disease. When troops 
are maintained in camps precautions should be taken to pro- 
vide effective safeguards against the overcrowding of the 
base hospital. 

Isolation of each patient with pneumonia is the most ef- 
fective way of i)rotecting him from infection and of pre- 
venting him from becoming a possible source of danger to 
others. The effectiveness of this isolation will depend upon 
the separation of patients by some means more effective 
than the cul)icles conifjosed of sheets heretofore employed, 
upon an aseptic technic sufficiently rigid to prevent the 
transfer of pyog(»nic infection to pneumonia patients, and 
upon the exclusion from the ward of those who harbor S. 
hemolyticus. 

P]ven should eacli patient be ccmipletely isolated from 
his neighbors, no effort should be neglected to determine, 
as far as possible, the nature of the infection with which 
he suffers. In the i)resence of an overwhelming epidemic 
such as that whicli attacked our army camps, the bacter- 
iologic work whicli is required may be far beyond the facil- 
ities which are availal)le and in many instances it may be 
wholly impossible. Xevertheless effective control of strep- 
tococcus pneumonia will depend upon its recognition as 
soon as it appears, and bacteriologic examination of the 
sputum offers the readiest means for its identification. 
The routine perfonnance of autopsies will furnish an index 
of the success of the measures in force, and the discovery 
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of suppurative pneumonia will suggest the presence of im- 
minent danger. 

However perfect the organization of pneumonia wards 
and however accurate the aseptic technic in force, it is 
desirable to separate as far as possible those infected with 
streptococcus from those w^ho are free from this infection, 
so that the accuracy of the technic in force may not be put 
to too severe a test. AVhen streptococcus pneumonia has 
appeared in a ward it should be closed to further admissions. 

Those who are concerned in the planning and construc- 
tion of military and other similar hospitals might well give 
special attention to the possibility of epidemics such as 
those which we have experienced, and special provision 
might be made to avoid overcrowding in the presence of a 
demand far in excess of the routine need for hospital facil- 
ities. In the construction of these hospitals appropriate 
provision should be made for the care of patients with 
pneumonia. Medical officers should receive detailed in- 
struction in the organization and conduct of wards designed 
for the treatment of pneumonia. 



APPENDIX 

EXPERIMENTAL INOCULATION OF MONKEYS 
AVITH BACILLUS INFLUENZA AND MICRO- 
ORGANISMS ISOLATED FROM THE 
PNEUMONIAS OF INFLUENZA 

Eugene L. Opie, M.D. ; Allen AV. Freeman, M.D. ; Francis 

G. Blake, M.D. ; James C. Small, M.D. ; and 

Thomas M. Rivers, M.D. 

Experimonts were undertaken at Camp Pike in Deeem- 
l)er, 1918, to determine whether bacteria freshly isolated 
from patients suffering with influenza and pneumonia dur- 
ing the outbreak of influenza and its associated pneumo- 
nias were capable of producing similar diseases wiien in- 
troduced into the respiratory passages of monkeys. The 
number of animals available for the studv was limited. 
The attempt was made (a) to determine if B. influenzae 
produces in monkeys a disease comparable to influenza of 
human beings, and (fe) to determine so far as possible, 
with the limited opportunity, the character of the lesions 
produced by combinations of pneumococcus or S. hemo- 
lyiicus with B. influenzae and to compare these lesions with 
lesions produced by pneumococcus or by hemolytic strep- 
tococcus alone. 

Pfeiffer^ found monkeys alone susceptible to invasion 
by B. influenzae and obtained no evidence of multiplication 
of the microorganism within the body of any other animal. 
A suspension containing mucus from the sputum of a pa- 
tient with influenza was injected into a monkey. There was 
elevation of temperature and the animal died after seven 
days. Lobular patches of atelectasis occurred along the 
sharp edges of the lungs and the adjacent bronchial 
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branches contained mucus. Cultures on agar from the 
bronchi remained sterile. Microscopic examination showed 
the presence of bacilli resembling B. influenzfe. Death was 
caused, the author states, by an abscess at the site of in- 
oculation and not by the process in the lungs. Three mon- 
keys received each 0.5 c.c. of bouillon containing a blood 
agar culture injected into the lung through the chest wall. 
There was elevation of temperature lasting from three to 
five days ^\^th return to normal every morning. There 
was cough but little evidence of illness. B. influenza? was 
introduced by a platinum loop into the nose of a monkey. 
Febrile reaction is recorded lasting four or five days. 
PfeifFer found that guinea pigs and mice were resistant to 
the microorganism. Large doses injected intravenously 
caused in rabbits intoxication with dyspnea and evidence 
of jDrofound muscular weakness. 

Kamen^ used a culture of B. influenza? which was nonpath- 
ogenic for mice, but when it was inoculated into the peri- 
toneal cavity with streptococcus both influenza bacilli and 
streptococci appeared in the blood. Jacobson^ found that 
B. influenza} appeared in the blood and viscera of mice 
killed by intraperitoneal inoculation of B. influenza? mixed 
with cultures of streptococcus either living or killed by 
heat. B. influenzse which had successively jDassed through 
mice, simultaneously inoculated witli killed streptococci, 
acquired such virulence that it was capable of producing 
septicemia when inoculated alone. 

Richie^ introduced by lumbar puncture a suspension of 
two blood agar cultures of B. influenzae obtained from the 
mcuiinges of a patient with influenzal meningitis into the 
subdural space of a rhesus monkey. Death occurred in 
eighteen hours and there was beginning meningitis. B. in- 
fluenza? was jiresent in the exudate in abundance. 



-Katucn. Iv : Ccntralbl. f, Bakteriol., 1901, xxix. l-'rste Aht. 339. 
'Jacohson, G. : Arch, de med. expcr. et d'anat. path., 1901, xiii, 425. 
^Richie, J.: Journal Path, and Baclcriol., 1910, .xiv, 615. 
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In two species of monkeys WoUstein^ produced fatal 
meningitis by injecting suspensions of B. influenzae into the 
subdural space by lumbar puncture. 

During the course of our investigation of pneumonia and 
influenza, sputum of approximately 400 normal individuals 
or patients with influenza was injected into the peritoneal 
cavity of mice. B. influenzae was found in approximately 
150 instances. In onlv 4 instances was B. influenzae found 
in pure culture in the blood; in all other mice in which B. 
influenzae appeared in the blood it accompanied pneumo- 
coccus or S. hemolvticus. 

Before experiments were performed cultures were made 
from the throats of all monkeys in order to exclude the 
presence of B. influenzae. Blood agar plates inoculated w^ith 
a swab applied to tlie nasopharynx failed to show in any 
instance B. influenzae, pneumococci, or hemolytic strep- 
tococci. Streptococci causing green discoloration of blood 
agar were usually found. 

Inoculation of the Nose and Pharsmx with B. Influenzae. — 

B. influenzae was introduced into the nose and phar>Tix of 
two healthy monkeys. An actively growing culture of the 
microorganism made on alkaline l)lood agar and sixteen 
hours old was used. The culture was the first subculture 
from a growth obtained from the nose and throat of a 
patient with influenza. A cotton swab moistened with 
broth was applied to the surface of the culture. It w^as 
introduced into the nostrils and smeared over the pharynx 
of the animals. A swab moistened with sterile broth was 
applied to the nose and pharynx of a third monkey as a 
control; cultures from this animal kept in a cage removed 
from those inoculated failed to show B. influenzae. 

Experiment 1 

November 21, 1918. — Small female monkey; throat culture: negative. No- 
vember 23. — 10:20 A.M. — ^White blood corpuscles, 16,700; polynuclear leuco- 
cytes, 68 per cent; small lymphocytes, 17.5 per cent; large lymphocytes, 8 per 

BWolIstein. M.: Am. Jour. Dia. Child., 1911, i, 42. 
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cent; large mononuclears, 1 per cent; eosinophiles, 2.5 per cent; basinophiles, 
0.5 per cent. 10:30 A.M. — Mucous membranes of nose and throat were inoc- 
ulated with B. influenzro as described above. November 25. — The animal ap- 
pears sick and is huddled in back of its cage ; the nose is running. White blood 
corpuscles, 13,500; polynuclear leucocj-tes, 44 per cent; small lymphocytes, 30 
per cent ; large lymphocytes, 22 per cent ; large mononuclears, 3 per cent ; eosin- 
ophiles, 1 per cent. 3 :40 P.M. — Free epistaxis occurred after culturing of nose ; 
the swab was discolored with old brownish blood indicating previous epistaxis. 
Nose culture: B. influenza present in abundance; Gram-positive cocci present. 
Throat culture: negative for B. influenzaj. November 28. — Monkey is more 
active and appears to be fairly well. Nose and throat cultures: negative for 
B. influenzae. December 4. — Monkey is apparently well. 

Experiment 2 

November 21, 1918. — Small male monkey. Throat culture: negative. No- 
vember 23. — 10:10 A.M. — White blood corpuscles, 10,900; polynuclear leuco- 
cytes, 52 per cent; small lymphocytes, 18 per cent; large lymphocytes, 25 per 
cent; large mononuclears, 3 per cent; eosinophiles, 2 per cent. 10:15 A.M. — 
Mucous membranes of nose and throat were inoculated by means of moist 
swab with 4 strains of B. influenzse recently isolated from acute cases of in- 
fluenza. November 24. — Monkey is quiet and takes no interest in surroundings. 
November 25. — Animal appears sick and remains huddled at back of its cage. 
Nose culture: R. influenza present. Throat culture: B. influenzae present. 
Swab applied to nose is stained brown with old blood indicating previous 
epistaxis. November 26. — Animal is still sick; nose is running. White blood 
corpuscles, 14,400; polynuclear leucocytes, 61 per cent; small lymphocytes, 23 
per cent; large lymphocytes, 15 per cent; large mononuclears, 1 per cent. No- 
vember 27. — White blood corpuscles, 11,300. November 28. — Nose culture: 
negative for B. influenza?. Throat culture: B. influenza> present. November 
29. — Animal is active, but still appears sick. White blood corpuscles, 19,300. 
December 4. — Monkey appears well. Throat culture: B. influenza; present. 

These animals were siek two and six days following in- 
oculation. There was discharge from the nose. In both in- 
stances there was epistaxis. The temperature of the ani- 
mals was subject to such wide variation in relation to ex- 
ternal temperature that it could not be used as an index of 
the progress of the disease. There was no leucocytosis, but 
in one animal there was some increase in the numbers of 
leucocytes during recovery. In one animal B. influenzae 
present in the nose after two days was absent after four 
days. In the other animal the organism was repeatedly 
found in the nose and throat and was still present in the 
throat eleven davs after inoculation. The two animals suf- 
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f ered with a self -limited disease resembling many eases of 
influenza. 

Introduction of Bacillus Influenzae into the Trachea. — ^In 

the attempt to reproduce the bronchitis which occurs in a 
considerable proportion of all cases of influenza and is al- 
most invariably associated ^^dth B. influenzae, this organism 
w^as introduced into the trachea of monkeys. In Experi- 
ment 3 a suspension containing young cultures of freshly 
isolated B. influenzae was introduced into the trachea by a 
silver catheter passed through the glottis and larynx into 
the trachea. 

Young cultures of B. influenzae, subcultured only once 
after isolation from early cases of influenza, were used. The 
microorganism was recovered in abundance by throat swab 
two days later and again from the bronchus at autopsy 
three days after inoculation. Tuberculosis of mesenteric 
lymph nodes, of intestine and of liver and several small 
tuberculous nodules in the lung were found at autopsy. A 
secondary invasion of the lung by staphylococci had oc- 
curred. There was bronchitis with an inflammatory infil- 
tration of the subepithelial tissue of the bronchi by lym- 
phoid and plasma cells. Bronchopneumonia was present, 
and the bronchi and many of the alveoli contained blood. 
These changes do not differ essentially from the changes 
found in many instances of pneumonia following influenza. 

In three instances cultures of B. influenzae were injected 
into the trachea by means of a hypodermic syringe. 

In one of these experiments (Experiment 4) intratra- 
cheal injection of 2 c.c. salt solution suspension of B. in- 
fluenzae (isolated at autopsy from bronchus of the monkey 
used in Experiment 3), representing growth on lyo blood 
agar plates, was made with a needle inserted into trachea 
just above the suprasternal notch. On the following day a 
throat culture contained B. influenzae in abundance. Three 
days after inoculation the monkey appeared to be very sick 
and there was profuse nasal discharge. The animal 
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coughed and sibilant rales were heard over the chest. 
There was no leucocytosis. A throat culture contained 
B. influenzae. Four days after inoculation the monkey was 
still sick and weak, but appeared much improved and was 
killed. The trachea and large bronchi contained thick vis- 
cid mucus. In the middle lobe of the right lung was a patch 
of grayish red, airless tissue, firmer than the lung substance 
elsewhere. Cultures from the trachea, bronchus and lung 
contained a variety of microorganisms, but B. influenzae was 
not recovered. 

In two additional experiments (Experiments 6 and 7) 
cultures of B. influenzae forty-eight hours old were injected 
into the trachea of monkeys. The microorganism was re- 
covered in cultures made from the pharjoix two days later. 
These animals were only slightly sick. 

Introduction of B. Influenzae and S. Hemolj^icus into the 
TrachesL — In view of the frequent association of B. influen- 
zae and S. hemolyticus in the sputum of patients with strep- 
tococcus pneumonia following influenza and in the bronchi 
and lungs of those who have died with this disease, the two 
microorganisms were injected simultaneously into the tra- 
chea of monkeys. 

B. influenzae and S. hemolyticus in Experiment 7 pro- 
duced bronchitis and bronchopneumonia. There was acute 
inflammation of the interstitial tissue of the lung, and acute 
lymphangitis vdth numerous polynuclear leucocytes within 
the lumen of the IjTnphatics was present. B. influenzae and 
S. hemolyticus were present in the trachea at autopsy four 
days after inoculation. It is probable that part of the in- 
jected culture entered the tissue outside the trachea, for an 
abscess was formed in this situation. It is noteworthy that 
acute pericarditis occurred and both S. hemolyticus and B. 
influenzae were found in the pericardial exudate. B. influ- 
enzae not infrequently exhibits this tendency to penetrate in 
association with other bacteria localities which it does not 
invade independently. 
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In a second experiment (Experiment 8) in which B. influ- 
enzae and S. hemolyticus were injected into the trachea, 
both microorganisms were recovered from the throat on 
the day following inoculation; on the fifth day S. hemo- 
lyticus alone was recovered and on the sixth day a throat 
culture was negative both for S. hemolyticus and B. influ- 
enza*. 

Introduction of B. influenzse and of Pneumococcus or of 
Pneumococcus Alone into the Trachea. — In two experi- 
ments B. influenzae and Pneumococcus Type III were simul- 
taneously injected into the trachea. 

In Experiment 9 a large male monkey was used and intra- 
traclieal injection made with syringe and needle of 5 c.c. 
salt solution suspension of Pneumococcus Type III and B. 
influenzse (growth on 5 blood agar plates of mixed cultures 
of Pneumococcus III and B. influenzae). On the following 
day the animal was very sick, Ijnng on the floor of its cage, 
and was dead two davs after inoculation. 

The dosage of bacteria in this experiment was large. The 
lesions in gross appearance and microscopically resembled 
those seen in many instances of pneumonia following influ- 
enza. In the trachea there was loss of ciliated epithelium, 
congestion of the subepithelial tissue, hemorrhage and infil- 
tration with plasma cells. The lungs were consolidated and 
red and there were hemorrhage and edema. B. influenzae, 
as in human cases, Avas abundant in the bronchi, less abun- 
dant in the consolidated lung, being present though scant 
in the left lung, and absent in cultures from the right. B. 
influenzae as in Experiment 8 with streptococcus had en- 
tered the left pericardial cavity in company in this experi- 
ment Avith Pneumococcus III. 

In Experiment 10 a very large monkey received by intra- 
tracheal injection, made with syringe and needle, 5 c.c. salt 
solution suspension of Pneumococcus III and 3 strains of 
B. influenzae, (2 recently isolated from cases of influenza 
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Microscopical Esaminfttion.— There is aimndant infiltration of the subepi- 1 
tliplial tissiiv of the Imdica with phiamu ceUa, Supi?rlicial ciliated epithelionl | 
is in plaices Just. At one point is a small foi;uR of hcmorrbagp. Alveoli i; 
eousoli lint 0(1 part of the luui,'s eontain poljniiirU'ar leucoeytea and fibrin and ^ 
exhibit the appearance seen in lobar pneumonio 

In Experiment 12 B. influenza) was injected into the tra- 
cliea and two days later identiliod in a cnltuie made from 







w^^^^m 











the pharynx; four days after inoeulation Pneumococeus IV 
was injected into the trachea. The animal was killed seven 
days after the first inoculation, and three days after inocu- 
lation witli pneumococeus. The lower half of the upper 
lobe of the right lung and the greater part of the lower and 
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middle lobes were consolidated. The pleural surface of the 
consolidated ar^as was dull red and covered bv a small 
amount of fibrin. The lower lobe, vciih the exception of a 
small part at the summit, was very firmly consolidated, on 
section pinkish gray in the anterior part and deep red in a 
small zone at the posterior border. The cut section was 
conspicuously granular. The trachea and bronchi con- 
tained mucus. Cultures from the trachea, the right lung 
and the right pleural cavity contained Pneumococcus IV in 
pure culture. Alveoli in the consolidated part of the lung 
were filled with polynuclear leucocytes and fibrin. 

Lobar pnemnonia has been produced by the introduction 
of Pneumococcus IV into the trachea. It is doubtful if pre- 
ceding inoculation of B. influenzae has influenced the course 
of the disease. 

The foregoing experiments have showTi that B. influenzae 
introduced into the nasopharjTix or into the trachea of 
monkeys is capable of causing lesions of the mucosa of 
these structures; the microorganism persists \\dthin the 
nasopharj'iix or trachea and is recoverable during a vari- 
able period of from two to eleven days after inoculation. 
Spontaneous infection of monkeys with B. influenzae has 
not been observed. The animals infected with the microor- 
ganism are ill during several days, but the experimental 
disease like most instances of human influenza is self lim- 
ited. Following inoculation of the nose and throat of mon- 
keys with B. influenza? there is discharge from the nose, 
tendency to epistaxis and absence of leucocytosis. 

Bronchitis was produced by the introduction of B. influ- 
enzae into the trachea of monkeys, and the microorganism 
was recovered from the nasophar^^lx two and three days 
following inoculation. There was no leucocytosis. In two 
experiments death occurred following inoculation, and in 
both instances it was found that the animal suffered with 
tuberculosis which had produced only trivial lesions of the 
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lungs. In both animals staphylococci were obtained from 
the internal organs. There was bronchitis with changes in 
the bronchi which, although not characteristic, resembled 
those found in association with B. influenzae in man. It is 
noteworthy that B. influenzae is usually found mixed with 
other bacteria in the bronchi of those who have died with 
bronchitis and pneumonia following influenza. In the ex- 
perimental animals there was in places superficial loss of 
ciliated epithelium, exudation of polynuclear leucocytes, in- 
filtration of the subepithelial tissue with plasma cells and 
hemorrhage into this tissue. 

In one instance simultaneous injection of B. influenzae and 
S. hemolyticus, freshly obtained from autopsy upon a man 
dying with pneumonia following influenza, caused bronchi- 
tis and bronchopneumonia; there were acute lymphangitis 
and infiltration of the interstitial tissue of the lung with 
pol>Tiuclear leucocytes such as occurs in human cases, but 
the lesion had not proceeded to suppuration. 

In man B. influenzae is usually found in greatest abun- 
dance upon the mucosa of the respiratory passages, less 
frequently it invades the alveoli of the lungs and is almost 
invariably found in association with other microorganisms. 
In company with other microorganisms B. influenzae pene- 
trates into tissues outside the lungs. In Experiment 7 it 
has entered the pericardium, with streptococcus, and in 
Experiment 9 with pneumococcus. AVhen B. influenzae and 
streptococcus are injected into the peritoneal cavity of a 
mouse both organisms appear in the blood, whereas in the 
absence of streptococcus, B. influenzae seldom leaves the 
peritoneal cavity. 

Typical lobar pneumonia has been produced for the first 
time in monkeys by injecting pneumococci (in quantity as 
small as 0.33 c.c. of suspension) into the trachea. With the 
animals available it has not been possible to adjust the dos- 
age of the two microorganisms so that the influence of one 



398 PNEUMONIAS AND INFECTIONS OF KESPIRATORY TRACT 

upon the other might be determined. Pnemnococcns HI, in 
small quantity, introduced into the trachea has produced 
typical acute lobar pneumonia in the stage of gray hepati- 
zation. A similar lesion has been produced with Pneumo- 
coccus IV obtained from the lung of a man dead with pneu- 
monia. 
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